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ABSTRACT

Purpose: Sprouts of evening primrose (Oenothera laciniata, OL) were reported to have high contents of flavonoids and potent
antioxidant activity, This study examined the antioxidant and antiobesity activities of OL sprouts to determine if they could
be a natural health—beneficial resource preventing obesity and oxidative stress, Methods: OL sprouts were extracted with
50% ethanol, evaporated, and lyophilized (OLE), The /n vitro antioxidant activity of OLE was examined using four different
tests. The antiobesity activity and /n vivo antioxidant activity from OLE consumption were examined using high fat diet—induced
obese (DIO) C57BL/6 mice. Results: The ICs for the 2,2—diphenyl—1—picryl-hydrazyl (DPPH) radical scavenging and
superoxide dismutase (SOD)—like activities of OLE were 26,2 pg/mL and 327.6 ug/mL, respectively, OLE exhibited the ferric
reducing antioxidant power (FRAP) activity of 56,7 ug ascorbic acid eq./mL at 100 ug/mL, and an increased glutathione level
by 65.1% at 200 pug/mL compared to the control in the hUC—MSC stem cells, In an animal study, oral treatment with 50 mg
or 100 mg of OLE/kg body weight for 14 weeks reduced the body weight gain, visceral fat content, fat cell size, blood leptin,
and triglyceride levels, as well as the atherogenic index compared to the high fat diet control group (HFC) (p < 0.05). The

blood malondialdehyde (MDA) level and the catalase and SOD—

1 activities in adipose tissue were reduced significantly by the

OLE treatment compared to HFC as well (p{0,05). In epididymal adipose tissue, the OLE treatment reduced the mRNA
expression of leptin, PPAR—y and FAS significantly (p { 0,05) compared to HFC while it increased adiponectin expression (p
{0.05). Conclusion: OLE consumption has potent antioxidant and antiobesity activities via the suppression of oxidative
stress and lipogenesis in DIO mice, Therefore, OLE could be a good candidate as a natural resource to develop functional

food products that prevent obesity and oxidative stress,
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(adipokines)& E/d #H[FO=H HA1E] ﬂV\h—Fé of 3
WAl G3e vA7] wzol WEH] 7] ¢14] =
Utk [11. 53], WAz o] Aol 450}741 =
= e (leptin), o}t]3Z4El (adiponectin), HA]AE
(resistin), TNF-a, plasminogen activator inhibitor-1 5 ©}t]
3Z7Fe19] Hu|oAto] Z=|al, NADPH oxidase W& =
7h thAA o) JE 7Y 24 Aba (ROS)| A 57t

FoR qlsto] WA 9F W A A= AE

JLJ K _I}H

A w A1)
7ﬂ§_ (redox sensmve) Z%A}OlX]——.q 280
=] 7] vzl HvkE
B B R E
Bl (quercetin), oI Z=Z7}E|2 (epigalloca-
thchlne), Z ﬁ/ﬂ— (gallate), #7491 (curcumin), HAH|SE
% (esverarol) 2] Fehiol ek F2pA U

= AEl FEEs X]‘ﬂ”\ﬂ:ﬁﬁl AefstS w AFehE]
Ef a7t Faskqlal o]z Qlste] AgAze] 23t 9
0] “Xﬂﬂoﬁi} [7-10]. E3}, TR HHAlo] o] M2 & u)u

g FEoA itstarrt %t AE FEE
] A7) At kA 3 oA59] dhae
uhe ko] 2 9 Akslo] Holsl AEe)
e 57 2 A=A °‘7<ﬂ/\171% %
sk Chebelct [1113], o Uobrt A9he o
st FA oA Eelaliso] ol
ARS A7IZE AdFIskRE ol Bivtk Qlad A
2% 5o felomy HERAT 5o 9194
8P| StobAERE B [11,14-16]7} olof 3L, 71 A
staart o3t 2459 YR = ‘ohj]?_]' =4E
| = ]lct [17]. o] B]vE & A
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2 ZBH- o] duto|Z (Oenothera
laciniata)o| A M= =of U o = A4
SIA] alol hER o} Sitt. Yurolze] FARE Aol
gredlihks o SRskar qlo] dSHes JANT =

=

fu

Byl €l

a7} gJeta el 51 18], el
o elir] wRgse] Tut lrka ekelA et [19]

3 Y E Xﬂilﬂ 22 50% WEkE FE=2 in vitro
Al B A A5E JE2 I7E S/l A 2lFke u] ROS

AEE Als= b
9} lipoxygenase /< < ﬂ%‘ =R %F%‘%;fg% Bl
ohar 2o g kgl

5] Al = =iAr %‘%ﬂ%oﬂ et Aejghy At A
o gl Aotk T, & AAEES SUAF gutolo]
T & P= L *EPEB:OIE TS 2L Q)AL ok

]

TFeb, 2 oA owﬁﬁw 943t rtols: 3
FEE A A ISR debd 4 A SRR

Azol 7Y, FHE U £&

Guold ALES S SheTHF R
F-4ste] £4§7] (PIN MILL HKP-140, Korea Pulverizing
Machinery, Korea)& ©]-85lo] 2| F=ith. A& 4
o 7 Hu9 50% % (Samchun Chemicals, Seoul,
Korea)S W1l Al A 24417} S9F wHt 253 ohe t}
] 80°COll A 24417 EoF WHF 87 2&5)9it) 20
o) ol AAZ $1510] 10 um ofEE 0|83 23
o]#}gt & rotary vacuum evaporator (EYELA, Tokyo,
Japan) 2 70°C, 7%t stoll et ofetEs STAIA 55
NG ARl 0]5 @ E AZ7| (Daesan Machinery, Gyeongju,
Korea)2 o] 5}10] 70°Col|A] 48A|7F Eol AZAZ] The
w712 EHslsle] 2E FEAR (OLE)E A3ith A
guloleo g2 RE 92 XF OLEQ] &2 18.7%S1t

in vitro &M 11 X
gdtolg= 2&E9] DPPH oz AAST ferric
reducing antioxidant power (FRAP)= ©]& 9] A 2119}
e wog =A319c) Superoxide dismutase (SOD)
A2 Marklund®t Marklund®] W5 [22]0f] w2t
pyrogallol®] 2t-54tetE oAlst= axE S4skith
1 mM EDTAE 323sl= 50 mM Tris-cacodylic acid
buffer (pH 9.0)0] ZZA2S ofe] S52 547l ke
pyrogallol 557} 2 mMo] 52 911 155 Fof
I N 9G4RS o] uhe-S 24|71 3 420 nmojl A F4w
S5kt kol vlsto] oy F3=0] HleR
TE‘] AR &S AASEATE Al 71K ' L% ascorbic
acid (AA)E SpyTjRACFO = ALgatem, 7} AR &
AtstE 3= ascorbic acid equivalentE A4S ug AA

eq/mL TH9]Z AAIshec
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M= L glutathione (GSH) & &%

AM|3Z GSH 432 2|Lof 7§= FreSHtracer (Cell2in,
Seoul, Korea)S o]-&3to] =43}91=1|, FreSHtracer—=
GSHE} 7hei 20 2 uhg st T2 H Aojgli AEof A
T GSH =58 =743 4= 2t} [23]. FreSHtracer:= 580
nmof| A FFS FESHA|TE (F580), GSHE| ElZ3t vk
St 510 nmof|A| B3-S W= (F510)317] ool F510/
F5809] H]&S Ft6to] vluste 22X GSH %5 B71st

Atk QA7F HE 9 SUHEE7]AE (Human umbilical
cord-derived mesenchymal stem cell, hUC-MSC)E- At u}]
oFslo] AIEZE 96 well plate (PerkinElmer, Waltham, MA,

USA)o]| 3 x 10" cellsymLe] W2 HZ=3}31 10% Fetal
Bovine SerumI} 1% penicillin-streptomycin2 Z3}51=
Minimum Essential Medium o (Gibco, Rockville, MD,
USA) Hjekele o] 37°C, 5% CO, Z7o)| 4] 2447} uf
ISt MYAE AU 23428 ped= A
elobi 24417k Bt o wjekskTt A AASH
HBSS (LB 003-02, Welgene, Gyeongsan, Korea) 2 23] 4=
A& & 5 uM FreSHtracerE 2|3}l 147} 52t 37°Cof| 4]
vljoF3titt FreSHtracerE A #8132, HBSS 100 uLs 9-&
5 Operetta high-content imaging system (PerkinElmer, USA)
2 olg3to] 510 nme} 580 nmoll 4 BYe] FES 245
At FAA Y EA|2FO 2= o-tocopherol (Sigma-aldrich, St.
Louis, MO, USA)2 A3}t

4 C57BL/6 1R 7S (F9)
3l Hlo|eEFoA JLsle] &% (22+2°0)¢F &%
(50 £ 15%), 124]7F WeFZ27] (07:00 ~ 19:00) 2710] Bt
ARSI ARSI 128003be] HS F AFS
245, 74 29 suteld BaAge] FUARES 47)
o2 YRk (1) AAYAlo] (low fat control, LFC),
(2) ZLAHFAo] (high fat control, HFC), (3) OLE A%
- (OL50), (4) OLE T%=3 (OL100). A]o]= LECZe
rodent 10% fat diet (D12450B, Research Diet,
Brunswick, NJ, USA)E, U™XA] 37l +-& rodent 45% fat
diet (D12451, Research Diet)o] 5g=%it) o] o 4]o]Q}
B2 A7 AFH=E stk §AlY] OL50w-=
OL100<olli= ggtole +EA|2 (OLE)E A3 A9+
of &3A1AH Z+zZF 50 mg/kg body Welght BW)2} 100
mg/kg BW =F0 & 145 FoF F AT B33 aL
LFCe} HFCHoAl= A4 AdeE OjlﬁPM *‘Ol
£ 728 QAT ROz FasEA 4
& 218 2R B 52ARE ¢

SFRIL, AlS

New

AAATAE ] AFEEET LG9 UO] 512 wol
Y5t (WITACUC- 20181118-4-18).

E H A2

Bopy|7io] FRE T FAAYIT ey
(Venous orbltal plexus) & 2 X E| M-S 2| F|d}o] EDTA-

A Y& (BD, Canaan, CT, USA)of €1 2 &&

& % 10,000 rpmoflA] 1087 ¢4E-2]

WS BUSGLE ololA, AFeEe| o5kl FAIT T

AEste] 743 B4 o) Faska)u, A7), AR
2 go] FAE =43 o} 224 Hematoxylin & Eosin

(H&E) FA82 4% detzgdrsl= &9 (pH 7.0~
7.6, Biosolution, Korea)o] dil, RNA—rg&— Trizol &
o} (RNAiso plus, Takara, Tokyo, Japan)ol] {1l YH2]=
}\ggl_'sl— H2]0 _‘HO]_O% lrErl:I 0” l:l—o]_ OHX—"X])\E :L/\ LHE

==
A7l & -80°C Wsarof A Hykskith

A, & Y 2HE, HDL-2Y2HE 5%
AceChem kit (Youngdong Pharm., Korea)E ©|-&3}%
=451 1, 8 52} malondialdehyde (MDA) 5%+
7+7F KOMA ELISA kit (KO331250, KomaBiotech, Seoul,
Korea)2} Elabscience ELISA kit (E-EL-0060, Elabscience,
Houston, TX, USA)E ©o]&3}o] =43}t

X

Jl

re
o
on
it
uﬁ

|H|'k"i 3_7' ix'l

[es] AH Ol

SteRESeI sl golo] WA Tod g A
222 shehy Zoid ¥ 4 um FAR Wet HIE A0S
Asheich. AAIEe] 2Ash S 9lstel BXSI
aHEeIEs g D g st Ohmpss

— i,

Tokyo, Japan)E- o]-&3}e] ZF Tl 3449 o]u|X|E
2o X‘]X]'O]—Oj_]_ Image J =213 (NIH, Bethesda, MD,
USA)S olgelo] IR T 60719] AL MHe

5 ou) 2e] 3}
938F= 150 mM KCl, 50 mM
45d (pH 74)& ¥ #+27] (Ultra-Turrax,

71 1 mM EDTAE o}
Tris/HCl 2+

T8, IKA Works, Wilmimgton, NC, USA)E o|-&3}o] 2]
313 Tth2 800 g, 4°Cof|A] 1087F YAl Ea]sto] Alsdls

A9t o]& thA] 10,000 g 4°Col|A] 1587F YAl E2st
-80°Coll A Y5 Hystictrl gaksl
ALTAES 233k Catalase 241 Abei ] Wy [24]
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=243} 11, Cu, Zn-superoxide dismutase (SOD-1)2]
2 Marklund?} Marklund®] %] [22]9] w2} =43}

o, glutathione peroxidase (GPx) &-4-2 Tappel 52
4 [25]10® Aok dd see AdE Aok
(Pierce, Rockford, IL, USA)S ©]&3}o] bicinchroninic
acid o2 =A3}9ch

o o
o ox u

u)
"k

RNA £& 2 real-time PCR
H%E XHFRZ] o] A RNeasy Lipid Tissue Mini kit
(Qiagen, Hilden, Germany)2 ©|-&3}o] A ZA}S] protocol
of g} & RNAE & E]3}91 o, SuperScript™ II
Reverse Transcriptase kit (Thermo Fisher, Waltham, MA,
USA)y ARESto] cDNAS MsHATE FAE2]
mRNA Y EE 24517] 9)5to] SYBR FAST gPCR
Master Mix (2X) Universal (Kapa Biosystems, Wilmington,
MA, USA) 0]-&3}4 1, 7]7]|+= real-time PCR detection
systems (Bio-Rad, Hercules, CA, USA)S A}E-3}%tt
Reference gene©. 2 glyceraldehyde 3-phosphate dehydro-
genase (GAPDH)E AME3519 17, mRNAZ] *H:H?Q o] v
o 2.AACt HPHOoZ AAlelelth PCRO] =
start (95°C 10%), denaturation (95°C, 10%), annealing
(56 ~65°C, 30%), extension (72°C, 20%)9] I} 40
cycle A|3Y5}5ct & ALof A AL8-3) primer= Table 13}

0‘—11__ hOt

oz Uehygict A
54]—0]% Statistics Analysis
Systems A X213 (ver 9.4, SAS Institute, Cary, NC,
USA)E o]83lo] ANOVA-test AlA5Fo] AFL 7hol &

oI5t #}o]7} Q1= A9 p<0.05 423=0llA] Duncan multiple

range test2 ARE HAALS sFct

Z o
SoH0|& 50% O|EtE £EE (OLE)S| in vitro &5}
k=

OLE®] DPPH tt|Zt &75 &% Zi}+= Table 29} &
t}. DPPH 2ttjZhS- 50% A|ASH= Al&E % (ICs0)= 26.2
pg/mLo] it} 20 pg/mLe} 50 pg/mL s=of 4 DPPH &}
T Zhe 7} 45.0%, 78.0% ZHAE] QLA o] zkzh 174 ug
AA eq/mL9} 3.57 ng AA eq/mLef == avgich
OLE®] SOD #-AFd-& 543t A3} pyrogallol AHgAHs}
£ 50% JAIZH= FEQl IG5 327.6 pg/mLo]]ith 200

Table 1. Primer sequences

PPARy F 5-GCC CAC CAA CTT CGG AAT C-3'

R 5-TGC GAG TGG TCT TCC AIC AC-3'
SREBP-1c F 5-GGA GCC ATG GAT TGC ACA TI-3'

R 5-GGC CCG GGA AGT CAC TGT-3'
FAS F 5-AGC CCA CGT CGT AGC AAA CCA-3'

R 5-GCA GGG GCT CTT GAC GGC AG-3
CPT-1 F 5'- TGT 1GG GITA TGC TGT TCA TGA CA-3’

R 5- GCG GCC TGG GTA GGA AGA-3'
Leptin F 5-TGT GCT GCA GAT AGC CAA TGA-3'

R 5-TGG AGA AGG CCA GCA GAT G-3'
Adiponectin  F 5-AAC CCC TGG CAG GAA AGG-3'

R 5-TGA ACG CTG AGC GAT ACA CAT-3
GAPDH F 5-GGG AAG CCC ATC ACC AIC T-3

R 5-CGG CCT CAC CCC AT 1G-3'

Table 2. in vifro antioxidant activities of OLE

Conc.  Inhibition rate ICso” AAEAY
(ng/ml) (%) (ng/ml) (AA pg/ml)
DPPH") 10 29.5 + 2.5 26.2 £ 4.2 0.87 £0.14
20 452 + 6.1 1.74 £0.34
50 78.0 = 8.2 3.57 = 0.46
100 95.0 + 0.6 452 +0.03
sop? 100 59 +0.6 3276129 11.2+09
200 254 +0.4 42.1 +0.6
400 64.2 +3.8 103.5 + 6.1
600 98.3 + 0.9 157.6 + 1.4
AAEA
op” (AA ugiml)
FRAPY 0 0.007 +0.001
100 0.364 + 0.002 56.7 = 1.7
250  0.934 + 0.008 130.5 +2.3
500  1.665 + 0.025 260.9 1.6

Values are means =+ SD.

1) DPPH radical scavenging activity

2) Superoxide dismutase-like activity

3) Ferric reducing antioxidant power

4) Opftical density af 963 nm

5) Sample concentration showing 50% inhibition
6) Ascorbic acid equivalent antioxidant activity

ng/mLI} 400 pg/mL2 A2 A] A3t A &2 247} 25.4%
2} 64.2%0]1031, o]+ Z}ZF 42.1 pg AA eq/mL3} 103.5 p
g AA eq/mLoj dF3h= ARSI AT T (Table 2). OLE
o] #1918 (FRAP)S =743+ Ay} 100, 250, 500 pg/mL 2]
AlJ= Z47F 56.7, 130.5, 260.9 pg AA eq./mLo] 3|gal=
FAareta s e Tt (Table 2).

MZOM GSH =& #4852 Stt OLEQ| itstgut
A& Th2 passage (4-12)2] hUC-MSC A|E£E 0|83}
FreSHtracer T2ZX 2 GSH $£&& =4 uv|w3dt Ay}

=
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Fig. 1. Effect of OLE treatment on the GSH level in hUC-MSC cells. (A) GSH level according to the different passages of the cells. (B) Effect
of OLE freatment on the GSH level in passage 15 cells. Each bar represents the mean = SD. *** p < 0.001 compared with passage 4

(p4) or control.

passage”} =oldE Ha} ol A A passage 129] GSH
=52 pasaage 40 H|5Fo] 42.8%L ZFASFAT) (Fig. 1A).

o] A1E vl O 2 GSH 4=50] WolAl passage 129] A|3E
=2 o ga}o] OLEZ olg] Tea 2|3t 27} 200 pg/mLe}
400 pg/mL oA GSH =50 tfzato] Hlsto] 74z}
65.1%%2} 106.6% 53Rl (p <0.05), FATzA2FA
a-tocopherol2 100 pMoj| Al 128.6% Z7A| At} (Fig. 1B).

A d

Ox[dAol2 REst H[PH Ot oA OLES|
HEZ7t Adl &1t
A7 Bt AR EEY AlS #i3h= Fig 29 2o,
7V Ao] G823 Table 33} Zrh AgA]o] Fof
AlZL 43 o] 3 HLE mx|FA]o]A]o]to] A A HFA oo
H|5lo] AH|Zo] G231 Eolx]7] AZFSIAAL (p <0.05),
85 O|FHEl OLEQ] Foo w2 AHF57t AAaztrt
LERL7] AJRFSFITH (p<005) (Fig. 2).

143 59ke] HEZ7-e HFCHEo| LPCo| H|3}o]
FolatA =orout (p<005) azAlolet g7 OLES
ATEE OL5027 OL100-2] X ZZ71eF ¢ 7F 27

7} HEC2o]| ul3to] §ofahA wtaket (p<0.05). Ao]a&

AsZ

45.0
eeesistens | FC a

40.0
- ® —HFC .
—e—0L50 ,,

35.0 4
—0—0L100 P b

oo

30.0

25.0

20.0

10

12 14

weeks

Fig. 2. Effect of OLE oral treatment on the body weight gain of
mice fed high-fat diet. Data are represented as the mean + SD
(n=28). Means that do not share the same superscript are
significantly different by ANOVA/Duncan's multiple test af p < 0.05.

E3F HFCZ-S LFCZo| Hjate] §olah] =9kom] (p<  FAl Ao|ag =% OLS0ZT OL100:: Aolof §-2j%k
0.05), OL50-¥} OL1007-S HFCZE T} G254 Wero Aol §ISIt} (Table 3).
U LFCEUT= 52 &0t (p<0.05). AleF7H, 1+
Table 3. Body weight gain, liver weight and food efficient rafio (FER) in mice
[?Zusp] Initial BW (g) Final BW (g) BW gain (g) Liver (g) FER (%)
LFC 21.6 =0.91™" 29.7 = 3.11°? 8.12 = 2.58° 1.26 +0.11%® 3.00 = 0.93°
HFC 21.6 + 0.59 39.7 +2.87° 18.07 + 2.74° 1.33 = 0.22° 7.61 =1.14°
OL50 21.7 + 0.46 322 +2.79° 10.58 + 2.43° 1.10 £0.14° 4.35 + 0.63°
OL100 21.6 +0.73 32.1 + 3.59° 10.44 + 3.09° 1.11 £0.13° 4.43 +1.28°

Values are means =+ SD.
1) No significance

2) Means that do not share the same superscript are significantly different by ANOVA/Duncan's multiple test af p < 0.05.
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OLES| LiZtR|utzs o

DA, 5 9 o]5 374
2§ F WAAWE HECTo] LECE] ulo}o:l %)
3 =k (p <0.05), OL50w+7} OL100w+2 HFCH-2 ot
RIS ket (p<005). HFCRE] % WA yae
LFC29] oF 2.9 w2 =4 &7}l o4, OL50+~2} OL100

XA 27|
AR, AP

5 ue SETELNES

HEl, S9XY 5=
HFC#9] €% g8l =t LFCEY oF 25412 =27

AF5319931, OL507¥} OL100-9] FElskE LFCo]
H|3lo] = =9kA|vk HFCS} v)wabd ZHzh 26.7%2} 36.1%
Zraskgict (p<005) (Table 4).

g3Ad

T2 HFCoJ B|3}o] 2}z 40.5%%} 45.9% F3ch (Fig. 3A). AR HFCH#Y EAAAY 5=

S, BRGAYE HAE Auele] B olmAE  LECE] HMO% ot A5t oL BAH fo4e ¢
Fig 4BS} 231, APAZES] 2718 238 FU= Fig. A0, F B2 5% L HDL-FYAHE SEE 0
4CoF Tk HECZO] AMAIE H@ae LECZS] oF £ folshi] 453ttt (p<005). OLSOZE FAAY,
22 W2 GOJsH F71HA (p<005), OLSOTE OLID  FFe 2l 5w/t BAZOR %943P7<1L oLt
T HFCZo| ulsha 217 33.1%0} 35.4% SAuE  HECZo] nlste] Zhasshs 4%e RAT FUAs4E
(p<0.05) LECZRTH= o] 43| © AT} (p<0.05). 22z #H37} ¢igic) v, OL1002-S HFC#oﬂ ulste] $44
Weksk AAE 27]0] GloAlE OLS0T} OLI00E Ale] 4 57k frolshA] astelan (p<0.05) e 282

off frelgt Zpol= IR

B gaohs %S MO HDL-248|%

%9| 3717} YALIE BUHSIALT} felar) 2haet
A .00 - (B)
%0 OLFC B HFC
3.00 OOoL50 mOL100 b b
a0 2.00 - b b
C a b
1.00—|I‘ H babb clbi
Epididymal mesenteric Perirenal Total
©
° 200 + 3
% 150 - b b
9
£ g100 | ¢
23
8= 50 Ill
< 0 -

LFC  HFC OL50 OL100

Fig. 3. Effect of OLE oral freatment on the visceral adipose fissue accumulation and morphology in mice. (A) Visceral adipose tissue
weight. (B) Representative H&E staining of epididymal adipose tissue and (C) size of adipocytes. Each bar represents the mean + SD. Bars
that do not share the same superscript are significantly different by ANOVA/Duncan's multiple test at p < 0.05.

Table 4. Plasma concentration of leptin, lipid and MDA and atherogenic index in mice

LFC HFC oL50 OL100
Leptin (pg/mL) 439.2 + 2419V 1108.8 + 292.1° 812.7 = 206.1° 708.9 = 149.3%°
1G (mg/dL) 67.3 = 10.9% 77.3 = 8.8° 67.4 +19.6® 523+ 12.9°
TC (mg/dL) 141.5 +23.7° 173.0 = 29.0° 155.4 + 19.4%® 153.6 + 17.5%
HDL-c (mg/alL) 77.5 +10.5° 95.4 + 15.8° 80.2 + 9.8° 95.8 + 3.3°
%A 82.2 + 12.6° 81.5 = 8.6° 72.1 + 8.3° 59.9 + 13.5°
MDA (ng/mL) 1305 + 12.2° 200.0 = 26.4° 155.4 + 57.7% 141.6 + 47.8°

Values are means = SD.
1) Means that do not share the same superscript are significantly different by ANOVA/Duncan's multiple test at p < 0.05.
2) Atherogenic index = (TC - HDL) / HDL x 100
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Fig. 4. Effect of OLE oral freatment on the antioxidant enzyme activities in epididymal adipose tissue of mice. Each bar represents the
mean = SD. Bars that do not share the same superscript are significantly different by ANOVA/Duncan's multiple test af p < 0.05.
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Fig. 5. Effect of OLE oral treatment on the mRNA of adipokines and lipid-metabolism related genes in epidydimal fat tissue of mice. Each
bar represents the mean = SD. Bars that do not share the same superscript are significantly different by ANOVA/Duncan's multiple test ot

p < 0.05.

At} (Table 4).
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