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Inhibitory Effects of Anthocyanin-rich Fraction from Purple Sweet Potato
on High Fat Diet-induced Insulin Resistance and Hepatic Steatosis
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ABSTRACT

Anthocyanins, a class of flavonoids, are natural water-soluble pigments, mainly found in vegetables and fruits. Anthocyanins
have attractive pharmacological activities, such as anti-oxidant, anti-inflammatory, anti-cancer, and anti-diabetic effects. The
purpose of this study was to investigate the inhibitory effects of the anthocyanin-rich fraction (ANF) from purple sweet potato
on high fat diet-induced insulin resistance and hepatic steatosis. C57BL/6J mice were assigned to the following groups (n=8
per group): normal fat diet (NF); high fat diet (HF); high fat diet with ANF 50mg/kg (ANF50). Normal fat or high fat diets
were fed for a total of 17 weeks, and ANF was orally administrated for 8 weeks (from 10 to 17 weeks, five times/week).
In our results, there were no significant differences in body weight, food intake, and tissue weight upon ANF supplementation.
The levels of serum triacylglycerol, total-cholesterol, and glucose were also not affected by ANF supplementation. However,
ANF supplementation significantly decreased serum insulin and HOMA-IR levels as well as prevented hepatic fat accumulation
in high fat-fed mice. These results show that ANF may be beneficial for improving high fat-induced insulin resistance and
protecting against development of hepatic steatosis.
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YM % 2012; Kim HW % 2012). SHEAJoPd & H-oa Ha)
A FEA o AE ue St o= StER A4 B 2
7ol T2 EAste T84 AW Lo|t(Silva S 5 2015).
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tHWang YJ & 2010; Tsuda T 2016; Choi MH % 2016).
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59| ASlAEd 2o Og 2PN E B T3 (Kwak JH
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A 4ukE FZAHAZ(PVTFED 10R, Ilsin Lab, Yangju, Korea)
&}a1, 40 mesh 41 7](FM909T, Hanil, Wonju, Korea)Z 4]
g 5 ERdH R dEste] WE(—200) Basiith A
TFul B2 50 g 0.5% trifluoroacetic acid7} E8E S/
1.5 Lol|A] 3AI3F 51 A2l A 33] wHEste] W&o}
t} o] & 7t oJ 33t F hexane, ethylacetate, butanol & 2}
33] WHESte] eabd o2 gl 85 AAISHATE o] ¥
T g S A At HEH o= QFEAoP] 22 E(anthocy-
anin rich fraction, ANF) 3 g2 Ath A&+ WHs(—207)
Hste] Ao ALttt & A7xIe APAFAA =}
At AR e] tEAlobd & 1,342 mg/100 g dry
weight©|™, T3 peonidine A€ 2] GFEA|OPAC] 77.4%E
22|84, cyanidine A|G 2] FEAloR 0] 22.6% =
o] tHKim HW 5 2012).
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473 2] =71 C57BL/6] "H$-2~(Central Lab. Inc., Seoul,
Korea)E A W2] o] (NF) 2} LA 2] o] (HF) & & W+
o] 957t A o] I A Aol S FF3IT) 9F
Fo HF & 7 2.2 Wro], 3 & HFT 2.2 =]
< A4 0] + ANF 50 mg/kg 5o 7HANF50) 2.2 3191
(Hwang YP 5 2011b), 853t ©f A&slich
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Table 1. Experimental diets used in this present study

Normal diet” High fat diet”

(em%) (kcal%) (gm%) (kcal%)

Protein 19.2 20 26 20
Carbohydrate 67.3 70 26 20
Fat 43 10 35 60
Total - 100 - 100
Kcal/gm 3.85 5.24

Y Normal fat diet contains 10% fat by energy (D12450J, Research
Diets Inc., New Brunswick, NJ).

? High fat diet contains 60% fat by energy (D12492, Research
Diets Inc., New Brunswick, NJ).
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LHEh=(Oral Glucose Tolerance Test, OGTT)
g9 F55 343t 27 dder & F 75%
glucose A2 2 gkgo] FF o8 ZAFEA38}a, 30, 60, 120
ol nejeiE st I WstE 9574 7](Accu-
Check Active, Roche, Germany)2 73} t). 2k A|IZPEE
23] S A gk Hde ok

A
T2 =HE
Seoul, Korea)2 2, <l&d
Downers Grove, IL)< ©]-8-3t] 43t Q&
Z]<=(homeostasis model assessment-estimated insulin resis-
tance, HOMA-IR):= o}2f €] 2] olsf| A4+l th(Jang HH
5 2012).
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Table 2. Grading of hepatic steatosis in mice fed high
fat diet

Occupation” (%) Score
<5 0
5~33 1
Steatosis
34~66 2
>66 3

Y Hepatic steatosis was graded as 0~3 according to the percen-
tage of fatty hepatocytes occupying.
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AP A= PReEFAE Uehd Agzte] xlo)e
SPSS Z 2773 21.0(IBM Corp., Armonk, NY)°lA ANOVA
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Table 3. Effects of ANF on weight gain, food intake, FER,
and liver weight

NFV HF ANF50
Initial body weight (g) 19.6+0.77™% 20.0£1.50  19.901.20
z’dg :::;lgf)“ ® 26741.0°  39.844.70° 39.80+4.80°
Final B.W.(g) 287+1.4°  39.54420° 39.5043.60°
Weight gain (g/d) 0.11+0.02°  0.23+0.04°  0.23+0.04"
Food intake (g/d) 2.53£0.09° 2.38+0.07°  2.37+0.07°
FERY 0.04£0.01°  0.10+£0.02*  0.10+0.02°
Liver weight (g) 0.91+0.08° 1.10£0.12°  1.21+0.22°

D Abbreviations: NF, normal fat diet group (fat 10% of calories);
HF, high fat diet group (fat 60% of calories); ANF50, high fat
diet with anthocyanin fraction (50 mg/kg).

? Data are expressed as mean+S.D. (n=8).

3 Values with different alphabet within the same raw are signifi-
cantly different at p<0.05 by Duncan's multiple range tests. NS:
p=>0.05.

® FER: Feed efficiency ratio = weight gain(g/day) / food intake
(z/day).
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A aolut ANF] E3ol| ofsto] 3tel] fogk 2ol & B
o] ﬂ 0}01—1;],

5 FAAAE T S7he gRtd o nesshE 4
o] AH | ofal #E=] ozl h(Hellerstein MK 002). 53t 2
AT A3} Eisinger K 5(2014)0] &9 45%=S A|Ho] &
Hohe wA ROl E 1452t vhg-2dl) ATAIE W BF

SR A Fo] AR o] EFY xfo|rt gt
B3g A3 dX gt F, 50 mgkge] FELE FHE A
A7k frell ANFE Aol 2 Q1 AlFely dF A

Table 4. Effects of ANF on total-cholesterol, triglyceride,
glucose, and insulin concentrations

NEFV HF ANF50

Total-cholesterol 0\ 10, ¢ ¢ 21320425.00 229.70+12.20°

(mg/dL)
Triacylglycerol NS

140.30422.5™  142.00+15.90 126.70+11.50
(mg/dL)
Glucose (mg/dL) 184.90+42.4°  273.00+26.70° 261.40:+50.40°
Insulin (ng/mL)  0.89+0.20° 2.60+ 0.85  1.90+ 0.65°
HOMA-IR? 12.00+4.33¢ 48.00+17.70°  29.72+ 4.79°

D Abbreviations: NF, normal fat diet group (fat 10% of calories);
HF, high fat diet group (fat 60% of calories); ANF50, high fat
diet with anthocyanin fraction (50 mg/kg).

? Data are expressed as meantS.D. (n=8).

% Values with different alphabet within the same raw are signifi-
cantly different at p<0.05 by Duncan's multiple range tests. NS:
p=0.05.

Y HOMA-IR = Fasting glucose (mg/dL) x Fasting insulin (mU/L)/
405.
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Aol S7He Jhdstet A olA] Bk A o= Vet
L Eeh olsal 9 olsdl MEy XI-’F(HOMA—IR)
ded 2 Aded A AFE Table
l—c‘sH HF ol A frejatAl 5
718t o, ANFO] Fo7} mA2lo] = lgh de] F7}
£ AdfetA = Eataict 1eiv HFiLOHH ANF9| H7h= 31
Aol &2 Qg el FVHE ol Asfistart. <l
=AU 259 A%, ANFS0ToA NFEY] S50 =
3| 5E AT

Hwang YP 5{(2011a)2] <17l w2, Ao zRElo] o
ol F A 45%5 AR Aol 5 & 2

ANA A spat Azpel o A fe gl FEAloR 2] 200
mgkge] SR 473 FFBNAE W, o] FelstA 7
A3 FEAOPA S F8 RO R s A agaf A
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Y & 7o YEWth Eg B A= ANF7} 50
mg/kg®| FEoE FHE] o] F el AP vls)
27} 1/4, 112 AER B FFoldnh
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Frolstll Aaiaz o, ded A AFE A
A} Jang HH 5(2012)2] A7ol|A] FEA|obdo] 25%E
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Table 5. Effects of ANF on abdominal fat weight, retro-
peritoneal fat weight, and adipocyte size

NFV HF ANF50

Gonadal fat 0.89+0.19%" 2,07+ 038"  2.13+ 0.38"
weight (g)

Retroperitoneal 3010100 105+ 025 108+ 0.21°
fat weight (g)

Adipocyte L a a
) 100.9048.90°  140.60+17.30° 144.90+15.70
size (um)

" Abbreviations: NF, normal fat diet group (fat 10% of calories);
HF, high fat diet group (fat 60% of calories); ANF50, high fat
diet with anthocyanin fraction (50 mg/kg).

? Data are expressed as mean£S.D. (n=8).

% Values with different alphabet within the same raw are signifi-
cantly different at p<0.05 by Duncan's multiple range tests.

3L, ANF Fofo ofgh k2] FA o] folAQl Wsh=
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71:}515:}3 EJ—E}M"% o] Ao A AHE-E mullberry®] 8
QEEAlOPA-S cyanidin-3-glucoside and cyanidin-3-rutinoside
2 B A A ugete] 8 FEAlobdo] peonidin 3-
caffeoyl-p-hydroxybenzoyl-sophoroside-5-glucoside} cyanidin
3-caffeoyl-p-hydroxybenzoyl-sophoroside-5-glucoside®] 3}
TFHATHKIm HW 5 2012). 2]&<] gf-2 78 AdEA}
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H|3l| HFo] ddo] f+osH S71etial, ANFO| Fo= &
S NFe| o2 BA7|AE Ee9 o, HF T
Hlel A7) s 74 YAt & Fo 60, 1202004
© gkl froAQl ztelzt gidth

Zhang ZF 5(2013)°] Aol A= QFEAJo

2 3F= AR Ttul A A A (purple sweet potato color)
700 mgkg o2 uA|WA0|(60% AHhe} A 2073t
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Fig. 1. Effects of ANF on glucose tolerance in mice fed
high fat diet.
Data are expressed as Mean+S.E. (n=8). Statistical significance was
determined using ANOVA followed by a Ducan's multiple range
tests (p<0.05). Abbreviations: NF, normal fat diet group (fat 10%
of calories); HF, high fat diet group (fat 60% of calories); ANF50,
high fat diet with anthocyanin fraction (50 mg/kg).

07(<5%)°] 62.5%, 1@.(5~33%)°l 37.5%°J 2o wal, HF
ToA = 23 (34~66%)°] ZA S71EIITE 23y ANF50
Toll e 3te] A FA o] A AA|E ] 250] 37.5%= 7
, 03} 130] 3/5 o3& AFA|EISITh
sweet cherry SFEA]OPA-S 200 mg/kg
THOIN S W, Aol = f=E 1t
AANAIZA T R st} =3l sweet
Z219] DNA microarray 2ol A
A AE AT E Ae2 YE
Wk Ling W 5(2016)-2 FEA|oF (bilberries 2} blackcurrants
-;"TEH)g 2lo] kg & 100 mge] O 2 165+ T FHoF
S ] Ao & <3l n|EZEg|o}le] ek 7HAh nER
ca]o} blogeneSIS /\}g].ﬁ o] /\}g]_ =] B_/\]—Q_/] /‘\/\1- 0 7@}1-
TO 2 I EAIZT. oA
protein kinase(p-AMPK)<®} peroxisome proliferator-activated
receptor-gamma coactivator-1a(PGC-1a)2] &g 3s}el] 2Jgk Ao
2 A=t} Hwang YP 5(20112)2] Aol %= StEA o}
o] 7] 21" 24-& A3l &7 adenosine monophosphate-
activated protein kinase(AMPK) &4 315 &3t x|Wtk 2k3}
X310l ozt Aoz Husiint webs & Aol AR
A 7w ANFE F 22 W) Arke] Absks 31413 o
2 Aol = g A3t AAAIZ Aoz A

A8 3

Song H 5(2016)=
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Fig. 2. Effect of ANF on hepatic steatosis in mice fed
high fat diet.
Photomicrographs of H&E stained liver from representative ani-
mals in the ND (a), HF (b), and ANF50 (c) groups(*400). Percen-
tage of hepatic steatosis grade (0~3 scale) within each groups (d).
Data are expressed as percentage within group. Hepatic steatosis
was graded as 0 (fatty hepatocytes occupying <5%), 1 (fatty hepa-
tocytes occupying 5~33%), 2 (fatty hepatocytes occupying 34~
66%), or 3 (fatty hepatocytes occupying >66%) Abbreviations: NF,
normal fat diet group (fat 10% of calories); HF, high fat diet group
(fat 60% of calories); ANF50, high fat diet with anthocyanin frac-

tion (50 mg/kg).

B ATe 1A 01—2— FAg AP FENA Ay nt
E(ANF)o] Qledd A A%

7] $1ate] A=A 973 &
ARG o (Rl Y] 10%) v A2 o] (R
z‘g]—a‘to] odak_/] 60%)E »3].3;\_,‘ _L;q HEA] o] ;_0_ 1‘:‘ o
2 Wie 7, & ol ANF 50 mgkg Folste] 857t o A4S
sl 1 A3}, ANFo] Boj= mx|ulolo] o]t 25 =
7kl Aol A ®, 1 A 229 FAo] Wste) frojdk
FEFS WA Eonh g ANF= 1A o] & gk &
9, % $89AAY & S Ee] TS AATIA R
shlnt. ey sk o] A3 LollA A olwel Bls)
oA o Z7kek 7t 22 W AA =2 JEE ANFo| B

SHEAloRd BB AR SEE Q&d AP 3 AD 1 AN Fwp 283
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