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Abstract

Naringin has antioxidant and antihyperlipidemic properties, however, phenolic compounds including naringin are
unstable in the presence of light, heat and oxygen. Beta-cyclodextrin (4-CD) is a cyclic heptamer composed of seven
glucose units that enhances the stability and solubility of molecules through the formation of inclusion complexes.
This study was conducted out to compare the effects of CD-naringin (CD-N) inclusion complexes with naringin on
lipid metabolism in high fat-fed animals. Male CS7BL/6 mice were fed either CD-N (0.048%, w/w) or naringin (N,
0.02%, w/w) in a 20% high-fat (HFC, 15% lard, 5% corn oil, w/w) diet for 10 weeks. Orlistat (Xenical, 0.01%,
w/w) was used as a positive control (PC). There were no differences in body weight, food intake, liver and heart
weights, plasma triglyceride(TG), leptin, adiponectin, resistin, IL-15 and IL-6 concentrations, and hepatic A-
oxidation, carnitine palmitoyl transferase(CPT), glucose-6-phosphate dehydrogenase (G6PD) and malic enzyme
activities between the HFC and CD-N groups or between the HFC and N groups. However, both CD-naringin and
naringin supplementation les to a significant reduction in the epididymal and perirenal white adipose tissue weights,
plasma free fatty acid, insulin and blood glucose concentrations, hepatic cholesterol and TG contents and hepatic
fatty acid synthase (FAS), phosphatidate phosphohydrolase (PAP) and HMG-CoA reductase activities compared to
the HFC group. The plasma HDL-cholesterol concentration was significantly higher in CD-N and N groups than
in HF and PC groups. These results indicate that both CD-naringin and naringin supplementation effectively
improved plasma and hepatic lipid metabolism without differences between CD-N and naringin groups.
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=o] gttt Flavonoide 2159 @3 Ee o Aig)
FEZA, I 5 naringind Z4EY, X% T Bo] &R
A&, HE(Kim er al 1998), 3 Z(Tsai et al 1999), 3+
2% (Higashimoto et al 1998) 2 &<+ Z-8(Le Marchand et
al 2000) 5ol & g#A ok Ewt ol ]&e] Al A
TE 53 g¥€3 JuxA /5N A3 Jeon er al 2004)
2 3 (Jung er al 2006) T50] BeiA ghom, S4o] A
9] gl e Mg dEe= A Urhkleon SM
2001). 22 olF @ ¢ 715 AU Usol=

%_L'B‘]-.l_ naringin 52| flavonoidE X &3t tH-22] H=A Xd

gAts 28 Y E 9 Ao o] A AtstE o 84
gol]7] wf el 7] HEo] ofz- 91, X &/do] Hoj
= @Ho] Ut} WA ©]E flavonoidE P sHAIZIvHH
A7V e FIV 7IEE AF BEARAY RV IA
gdig 4 AUrh
ABE 41202 cyclodextrin(CD)2 6~8719] X =glyco-
pyranose) FA7}F @-14-A%d] ol BA4E dFgow A4
H =9 Y FREA EAR 3% d”ﬂ‘ﬂ o] ¥
A FEL 25990 W B} e o= ApAE SAS
Zt3. 9ltiHara & Hashimoto 1986, Pszczola DE 1998). w2}
A CDe BAHH &7 35 B8 Setiwoles X
HAAIA E738E(inclusion complex)2 A2 24 flavo-
noidE YA = A KSong et al 1993, Kamihira et al
1990).

B Ao o tiE BEEE ALE3E) orlistat(Xenical, Ro-
che, Swiss)= 19973 w|= 2]k 9] 51E w2 v|T X5
Aeltt. @A7IA A = v A 8A Y F-Eo] F
FAARA L Aol Zreate A8 AAA Ll v or-
listat-2 ] 2|9 B3 829 F73 lipase M-S AA3k=
FEZA, AFHT FAAAEY 30% A=Y FTE A3lstA
Ho g g MAA7Ee EHE vEile ZAoE 4eA

om, FFNAA Fago| glvks AR W' 71 gel
AHEE T SiTh Aol A o] ZErE 4o =Y
I Ao, gtpstEolt whill A o] vl A2 Agrt 4AE
o A} Sx7t W) At Aapee] FhstERE AW 4
Abe H|EEo R o]ojx]7] th FAo|ut FA o Ha] g9
A Frego] FiF o Ax|ut AahdEe] AW A HlE
ol AA o2 3 JAAHE AF 43 v]&o] ¥7] Wil
el orlistat o] Ex gt} #H 2ol orlistat
7t AF 7 IR ol A AT 77, o] 8AE
5 A, e AP 2 A2E BB G 2 7Rl
T B9 9l Aew Haw 3 vHDimitrov et al 2005,
Aylwin & Al-Zaman 2008, Fonseca VA 2008).

wehd B AP A= CD-naringin inclusion complexS

A2 T FE 4APL 53| naringin®} CD-naringin inclusion

AL X mlo r
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A A ALl thgl G&F vlw 21

complex®] AAAL A Hs& vlal - FrHgo s A=
& Mde ARNSHE ALE 93 712 ARE vhEst
2 stgrh B dFolA o] 48 cyclodextrine B-CDEA,
Kim ef al(2003)2] @74 «-CD, 3-CD 2 y-CDE °|&
st Zajus e TH AYES I 29, 24
5ol 718 $8 7-CD(46.9%)% vlaste] 3 %50] A
] gomM 7HFe] AEsta 7Y Bel ol &He B
CDE AHg-3l51t

ME ¥

1. Cyclodextrin-Naringin(CD-N) Inclusion Complex X|=

B ol 0|23 flavonoid?l naringin- Sigmaile] A&
(Sigma Co., USA)Z A&43}3.29, inclusion complex -3¢l
AH2-E CDE Hungary CyclolabAke) B-CD(Cyclolab., Hun-
gary)E AHE3IATE Cyclodextrin inclusion complex< 30 mM
CD# 30 mM naringin §-& £33l F2oA 6AIZF &
ot wutete] FAAZAT A H inclusion complexe 4Tl
A 6A17F W18 & 10,000 rppmeil A 3087 AR &
o]Z HAAE-E 50% ethanol = H 23t ¥ EH FAES A
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Fig. 1. Molecular structures of naringin(A) and j-cyclodex-
trin(B).
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2. Flavonoids % CD 24

Naringin ¥ A-CDE high performance ligid chromato-
graphy(HPLC, Gilson Medical Electronics Inc., France)& ©|
galo] BAsilon, 24 218 o 2ok B4 column
& Purospher®RP18(Merck KGaA. Germany), ©]E42.2 70%
ethanol, &2 0.5 mL/minBZ 2™, UV detectorE ©] 83}
375 nmellA] &3}tk B-CDE HPLC 2 ¥4y & ¥4
kg B3l o, HPLC ¥4 272 Cosmosil SNH: column
(Nacalai Co. Japan), acetonitrile/water(65:35), 1 mL/min, 1]
3L RI detector® E-4819531, 4-CD $-419] vl H o 2= phe-
nolphthalein 3 M¥(Kaneko e al 1987)2 o] &3}%c)

3. IX|EE R ¥ CD-Flavonoid Inclusion Complex
EES st 4 S8 MS Y AgFE oxfel

553 9] CSTBL/6 7 mice 407}2] & o] &3}l A 1F
U7t 718 2]o}(AIN-76 semi-purified diet) 2 &A1 F ¢
o] el e R WELh &, 47 2ol 1A
o] t]ZHhigh-fat control, HFC), ¥ thZF(positive con-
trol, PC: 2A]%210]+0.01% Orlistat}Kalivianakis et o/ 1999),
CD-naringin (LA %] ©14+0.048% CD-naringin, CD-N) % na-
ringinT( LA %4 ©]4+0.02% naringin, N)2.2 U1t Table
1). AEF Fed TAEA ol AIN-76 71409l 15% lard
(wiw) B 5% com oil(ww)E 718 20% LA H4jo) 2 A
Z3}9 k. CD-naringin inclusion complex2] 2jo] H7}gke
naringin 0.02%% 71522 inclusion complexdl] L3+ %42
naringin®] = %E ST

FEEL 32000)7 3<5(50%) © 7:00A%E 19:004]
7EA 9] light cycles FAI3HE 58 Ad A Ax9 74719
stainless cagedl| Al AMS3I on, BE 2ol 9} 24FEL Af
(ad libium) 2.2 A F 3 SI3lTh AL 15U nie, 18
2 Aol AHAFE A% 712 F uid Sl 7153
1057 Agalo] & mpAl2 2A]7F B2t AAAIZ) 3 348}
o 3 oo aRne A& AHstn 1, AY 23
T PNZAES AT EYL 1,000xg, 4TAlA 158
7t AR 888 3T F ATFE U] 7
0T BERels sy, 8% AE &% ¥ ZEE/adipokine &%
o ol g3th 7t 2L TA VAT B AR -70°C
2@

4 B3, 2 =5 1A 24
3 22 2HE, SA4AX, HDL-Z2Y2HZ2 enzyma-
tic colorimetryf< ©] &3t kit(o A 2HF), A8)E AHEst

A5

Holrloh &R R

Table 1. The composition of experimental diets

HFC" P DN N
Casein 20 20 20 20
D,L-Methionine 0.3 0.3 03 0.3
Com starch 5 4.99 4.952 4.98
Sucrose 45 45 45 45
Cellulose 5 5 5 5
Mineral 3.5 3.5 35 3.5
Vitamin 1 1 1 1
Choline bitartrate 0.2 0.2 0.2 0.2
Corn oil 5 5 5 5
Lard 15 15 15 15
Orlistat - 0.01 - -
CD-naringin - - 0.048 -
Naringin - - - 0.02
Total 100 100 100 100

Y HFC: high-fat control.

2 pC: positive control.

¥ CD-N: cyclodextrin-naringin.
YN naringin.

of &4, 8 FelA P non-esterified fatty acid
(NEFA) kit(Wako, Osaka, Japan)S AM&-3le] 33tk &
w73 8}4] S (atherogenic index, A= Yamajaki et al(1990)2]
F4({[%2# 28 E]-[HDL- 2| 26 §1}/[HDL- 2 2]
E)oll vt Aeidel. 38 892 ¥3l(Arkray, Japan)
£ olg3lo] H3IUch

7+ 23 A AL Folch et al(1957)2) Hhgel we} X 2&
E3lo] 2t 237 S 2HEY 3T FHE YR 2
W o2 AEelgith o 7 2AARA AFME B2
Aol] F3AZA 0.5% Triton X-1007} 3 mM sodium cholate
B E3slo) B dojule Yx(tubidity)yE A AIRTH

g 12 rlo

5. 2+ =& XAChAL 2 B4 B4E HF

2t 23 | go g nEFEgol AEA, volazE $8E&
st} 7 BA GAE A o] galie, 7 £8o &
%%+ Bradford MM(1976)9] %3 -& <83l 33}

T Mo

Lo

A abak G PEE 41 FAS(fatty acid synthase) &
e Carl ef al(1975)2] WS 4, Lol A 22 &
Zo|A] 4tstEl NADPHE] nmol 2 YERI ) G6PD(glucose-
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6-phosphate dehydrogenase) 83 %= Glock & McLean(1953)
9] ¥Wo] uwle}l NADP' 7} NADPHE #¢¥E= 358 &3
3131, ME(malic enzyme) 4%+ Ochoa $(1995)2] i
o) £33l 187 YA E NADPHZ S 2 Jehglon, 24
A 3 E 490 PAP(phosphatidate phosphohydrolase) 2+
= Walton & Possmayer(1985)2] HHol 3] 23319 0}

A/ WA Atsloll #EE G491 CPT(carnitine palmitoyl trans-
ferase) 8= &4 Bieber et al(1972)2) W0l F3l 1)
EZz=go}l EFol|M palmitoyl-CoAEFE WA= CoASH
F& FHsIth B-oxidation H = T3 v|EF=go}l B
2] ol|A] palmitoyl-CoAS 7]A = 3l<] NAD'7} NADH=Z &
dE = F=E a0 Lazarow PB 1981).

Zd|2HE A 3E9 &4 49 HMG-CoA reduc-
tase A== Shapiro et al(1974)°] g HPH S 5% B
3l S on, FYEE mlolasE Eiox A
¥ mevalonate®] %<& pmoleE YeERNSITH

o
g
Yl

& X|ZohAF 2H =22 2 Cytokine Xzt
7 insulin F =% mouse insulin ELISA kit(Crystal Chem,
USA)E, 22]1 84 adiponectin, leptin, resistin, IL-1 3 2
IL-6 =+ ELISA kit(R&D Systems, Abingdon, UK)Z A}
B3t s

o

7. 84 &4

£ Ao ZE A= SPSS package programs ]85}
B85, 7 wke] Haateldl v w94 AL Yl
ANOVAE AAIBtE T tht7te] 2bo]& Duncan's multiple
range testoll ©J3)) p<0.05 o]}e] FFoA HAsIPow, o
ZAIE standard error(SE)$} 3] FA)Ete] JeRIQC)

i
u)
5
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1. CD-Naringin ZHsl8lE HMs

FuxdZE 5371 37 flavonoid®! naringin¥ ACD-
naringin inclusion complex #4652 A+ Table 29} 7o)
40%2 VJERGTE Kim ef al(2003)2] AT A4+ flavonoid?!
quercetin¥} catechin® S-CD9} & E3H| 1112 E38199S
w THEE 5ol 247 23.5% B B8%E UYEE
d), o]+ flavonoidsv}t} ¥HITE I Fo] dES RoF
3 ek 2 AFddA e THIE] FHE naringin el
upet 2o] AH7b Hl&E ALt

2. AF, Alo| Mz A &Y FA ¢igo| o|xl= FE

1057t A 2] o] 9} 8] CD-naringin inclusion complex
2 naringing Folg A3, o] oM T R FH
Q1 Aol 7t ehgA] gskot, AlF St AT
o] HFCT<| B8l orlistat® H%3 PCtol|lA] Feldez 7+
2319, CD-NT % N2 HFCZH o4l Atelzt 9]
A tHTable 3). o] 2= DA|W2 ol & naringin 1%S
B.3Z-3} Kim ef al(2009)9] Q7oA LA W20 23 A5 Z
7hE B Aol dHFlA F A Aol7t i AT A

Table 2. Capacity of inclusion complex formation of /-
CD and naringin (unit: %1))

Naringin

Capacity 40

D Mole percent of naringin that form inclusion complex equal
mole concentration of naringin and 5-CD.

Table 3. Effects of CD-naringin inclusion complex supplementation for 10 weeks on body weight gain, food intake and

organ weights in mice-fed high fat diet

HFCY pC? CD-N N
Body weight gain(g/week) 2.13+0.05° 1.85+0.08" 2.01+0.06" 1.98+0.08%
Food intake(g/day) 4.21%0.05 4.1420.11 423+0.07 4.17£0.10
Liver(g) 1.55+0.81 1.340.67 1.42+0.70 1.38+0.72
Heart(g) 0.14+0.001 0.14+0.001 0.13=0.003 0.1320.004
Epi-WATY(g) 2.410.09° 1.77+0.07* 2.110.08° 2.03+0.06°
Peri-WAT(g) 1.18+0.02° 0.68+0.04° 0.94+0.04° 0.86+0.04°

Y HFC : high-fat control,
white adipose tissue,
MeantS.E.

2 pC - positive control,

Y CD-N: cyclodextrin-naringin,
® Peri-WAT : perirenal white adipose tissue.

“ N : naringin, > Epi-WAT : epididymal

"¢ Values not sharing a common letter are significantly different among groups at p<0.05.
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2 A8k 7)Aol AEEA o] 8HH, & A7 23 CDNT #

4, T AR FAE 2 59 A7t gldlony, ®
gk A ]‘3"(ep1d1dymal) 2 219 A8 2] Wk perirenal) Al
£ PCTo| 7P 943, CD-NT 2 NF T3 HFCF H
3 frelder oo oristat®] AAE e &7} 74
Holt Aoz vehyttt ks & A7 23, mxwa]eld)
CD-naringin inclusion complex 2 naringing 253t 43} 7t
A dade 924 A7t o, Fudk 2 A3
AR FA Fcle A F o2 Veldth(Table 3).

3. 8% 721 =& X|&sE gl Bt {5}

% T4 v v foAde] vehix gstoy
% Y 2HE ¢ FIARY T PCEY CDNT
% Nro] HFCo vlal oA o2 7439 3, HDL-Z4|
2H & FE& HFCT T PCEe H|8) CD-NT 2 NT°o| &
o)H o2 F718FH tiTable 4). A2 AF(Jeon et al 2004)
AME Az B3 HDL-ZE 28 7R, 2
AN = FL3 AHE BHAFAL 0.01% orlistat 2E
3 @ FA T TR hele ZRpEelglen, 7129
AT (Kelley ef al 2004)N X = 28 FiolA FE fe)xt
Ao orlistat Bz o8] §o)doz 7+AES B9}
9hA, orlistat B3] )3t HDL-Z¥|2H & 271 3+ gl
o, ol olistat BFA] B FFH2HE, AL &
E HDL-EY A& % =3+ 3 7823} Czerwienska ef

al2004)2] AT Ao} AR Ax)EYTh TWAR S &

NizZo] HECZo ¥|3f frelH oz

st ou, POFE HDL-
o202 550} F10) ReeolE BT F Fes
HE sk HFCZO M8l foldos gagons 59
AN FAA e YT,

3% U $E HCZA W3 ol 28 24 §
oAl ZAaE VYehfSIth o] Z3}= naringin 2 orlistat®]
g Zst E7o A 71 AT AHE(Jung et al 2006,
Jung et al 2004, Fonseca VA 2008)3 € X|3l= AL 2 e}
wouh B d7dA 8 Ad % 89wl oz 9T
CD-NTZ N#zte] & Aoz} gigich

oga]-z%_‘g 7k z;_q /\-]z]l:ﬂ- =1 igﬂ/\gﬂi FFe J_z]
uk2lo]o) 28] Z7}EEHl(Choi et al 2009), ¥ A&
23 A R ZY2HE FF BF HECT | 13
PCE, CD-NT 2 No] HFCZdl B3] o8 oz 7haH
o] FAAEE AL ¥ AAF LT AP E HAF
At

(¢]

4. X ZCiAL A 54 M g5

7+ 24 AEkak 3 B B4%) FAS, G6PD 2 ME &
ALE 243 A3 FAS A EE HFCTY B8] YR
RrE —Eoﬂ/ﬂ %ﬂ Ao=g 70y ¥vhA G6PD € ME 4%
= o7t

== HFCTT_" X PCiLoﬂ ]3]
< @AEE VR 7t =

Table 4. Effects of CD-naringin inclusion complex supplementation for 10 weeks on plasma and hepatic lipids and blood

glucose concentrations in mice-fed high fat diet

HFC" PC? CD-N? N?

Plasma

TG(mmol/L) 1.46:0.08 1.40+0.05 1.39+0.04 1.410.03

Total-cholesterol(mmol/L) 5.49+0.45° 4.35+0.39° 4.39+0.30° 4.33+0.25°

HDL-cholesterol(mmol/L) 0.59+0.04° 0.64+0.03° 0.77+0.06 0.77£0.08

FFA(mmol/L)” 3.430.15° 3.04+0.19° 2.89+0.11° 2.53+0.09°

A’ 8.301.45° 5.8040.65" 4.70+0.96* 4.62+0.71°

Blood glucose(mmol/L) 39.30:1.86" 26.81£1.27 27.01£1.31° 24.32+1.16°
Liver

TG(mmol/g) 3.92+0.23° 2.39+0.28° 2.58+0.44° 2.12+0.36*

Cholesterol(mmol/g) 4.01:031° 3.52+0.14° 3.46+0.89° 3.30+0.15°

Y HFC; high-fat control, 2 pC; positive control,
atherogenic index = ([Total-C]-{HDL-C])/[HDL-C].
MeantS.E.

% CD-N: cyclodextrin-naringin,

N naringin, % FFA: free fatty acid, 9 AL

** Values not sharing a common letter are significantly different among groups at p<0.05.
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2] A g A Aabel dx)skg o orlistats B3
A% o]l HECTol| ]3]
B5 ]._]_ =4 A2 11&1— a‘]—H E_}\-»] %—
© 2 YebttiTable 5). 3+, 24
°] B-oxidation @ CPT EAEE &3l
Az, T3 Fe A Aol st YIUT Jung er al(2006)S LuE
Aol& A4F3 28 G vh2olM YaA B 9 7t
2] FAS 24 =87 o2} G6PD, PAP, CPT, S -oxidation
E BF B 2T HlE HAads BdEled),
A7 Aol A FAS, PAP BHE 5 1 iR sl R
‘%20l gt naringin®] F7} B-EH o2 AR5} Orlis-
tat T3+ FAS A2 283 5 91-&0] Browne er al(2006)
o] ATellA AR Eo] & AT Aol AXshe Aoz e
sk
om]—z% oF 31

SEEERES PRI
AE7) ZAEA] @& AL
A Avgl BE g Ao

"‘%

¢

Aol e AYZ 48 F 3 24 29
2HE BFAEE S7MR7 e, £ ATl 7 23 &

HE A8 8 éT— 2291 HMG-CoA reductase BAEE =
g 23 CD-N N<°] HFC ¥ PCol) vlal] fol& o
2 8= 4 % HAh GRS o] 83 V)& oy A
-(Shin et al 1999, Kim ef al 2004, Kim et al 2006, Jung et
al 2006)°14 AL-nZH 26 E 2o F FoIg AF )
naringing 223 23 HMG-CoA reductase 24571 -9

o2 42d-gS Bl o Jeon er al(2004)9] AT

A Al Tk 7 vl

=
)
O

A nEY2HE HolE AT E7lAAM 2384 1+ =
2] HMG-CoA reductase B4 =7} 7181552 A S,
o]#]3l Axle] zJol= BB F7tel Hold 4% ot Jeon
et al2004)9] ATl E Hl*ﬂli B33 714 wet &
Z Ze|aH Bl A AetE W 1 27 FH2HE A

AL 93]y Trkshe o= ete ™, rat ¥ mice® ©]
23 A= A UA naringin B3| 23 HMG- CoA

reductase EJ =7} Z: e & UUTh wheba AP

o]l CD-naringin & naringin X232 AWt 34, AW
T4 2 Ze2HE AP AAledls AHHeIR oY, AW
a3 S7le 93 WAA g Ao R vEhdth
3l CD-naringin £H3ET} naringin &5 Fo77 8%
xpol 7t JERIA] ol cyclodextrin £ #Ado] Y3z @&
oo Bisf] AAiAtelA 2R A B3-S ERRR]
T %v 3oE AlsHrh

. R|EtxEZR giE F22 91 Adipokine =
i %7]~— X] el
HZA7E A
42 JtiBorst & Conover 2005, Maeda et al 2002).
"a!‘?l'z—*‘—oi A &A1 uAA ol ok AR STEE <l <l
& APdo] 2= EF Aad w27t A5 He
Hl(Lu ef al 2009), A2 A EHEE £2F 5 adipo-

,H1
fol o
o

Table 5. Effects of CD-naringin inclusion complex supplementation for 10 weeks on hepatic lipid metabolism-related

enzyme activities in mice-fed high fat diet

HFC" pC? CD-N" N*

Fatty acid synthesis

FAS”(nmol/min/mg protein) 13.41£ 037° 935+ 0.44° 10.06:+0.24° 9,54+ 0.41°

G6PD®(nmol/min/mg protein) 6.98+ 0.25 7.63+ 034 6.85£0.21 7.15+ 0.59

ME”(nmol/min/mg protein) 39.98+ 3.15 42,07+ 421 38.52+1.58 .11+ 2.77
TG synthesis

PAP®(nmol/min/mg protein) 11.26+ 0.45° 11.22+ 0.54° 9.00+0.38* 9.63+ 0.29°
Fatty acid oxidation

CPT”(nmol/min/mg protein) 6.89+ 0.75 8.01+ 0.44 7.18+0.88 7.09+ 1.05

B -oxidation(nmol/min/mg protein) 30.39+ 2.38 26.41+ 3.13 29.56+4.95 28.89+ 3.84
Cholesterol biosynthesis

HMGR ' (pmol/min/mg protein) 213.31420.14° 242.26+17.82° 114.2548.98 145.54+11.02°

Y HFC: high-fat control, 2 pC: positive control,
% G6PD: glucose-6-phosphate dehydrogenase,
* CPT: carnitine palmitoyl transferase,
MeantS.E.

? CD-N: cyclodextrin-naringin,
” ME: malic enzyme,
'Y HMGR: HMG-CoA reductase.

Y N: naringin, * FAS: fatty acid synthase,
¥ PAP: phosphatidate phosphohydrolase,

** Values not sharing a common letter are significantly different among groups at p<0.05.
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Table 6. Effects of CD-naringin inclusion complex supplementation for 10 weeks on plasma hormone and adipokine

concentrations in mice-fed high fat diet

HFC" PC? CD-N? NY
Insulin(ng/mL) 8.13£0.24° 5.7540.15% 6.98+0.39" 6.90+0.27"
Leptin(ng/mL) 11.01+0.31° 9.64+0.27 11.44+0.38% 10.89+0.16™
Adiponectin(pg/mL) 0.930.06 0.86:0.08 0.930.07 0.94+0.05
Resistin(pg/mL) 7.88+0.47 7.01£0.36 7.2440.53 7.60::0.42
IL-1 3%(pg/mL) 2.52+0.01 2.52+0.01 2.51+0.01 2.53+0.01
IL-6”(pg/mL) 2.97+0.01 2.91+0.01 2.92+0.02 2.94+0.01
Y HFC: high-fat control, * PC: positive control, * CD-N: cyclodextrin-naringin, Y N: naringin, ¥ IL-1 8: interleukin-1beta,

9 -6 interleukin-6.
MeantS.E.

** Values not sharing a common letter are significantly different among groups at p<0.05.
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