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Effect of Oligonol, a Low Molecular Weight Polyphenol Derived from
Lychee on Oxidative Stress-Related Hepatic Damage in
Streptozotocin-Induced Diabetic Rats

Jeong Sook Noh
Department of Food Science & Nutrition, Tongmyong University

ABSTRACT This study was conducted to examine whether or not oligonol, a low molecular weight polyphenol
derived from lychee fruit, has an ameliorative effect on diabetes-induced oxidative stress-related hepatic damage in
streptozotocin (STZ)-induced diabetic rats. Oligonol (10 or 20 mg/kg body weight; O10 or 020, respectively) was
orally administered every day for 10 days to STZ-induced diabetic rats, and its effects were compared to vehicle-treated
diabetic (Veh) and non-diabetic rats. Administration of 20 mg/kg of oligonol significantly decreased liver weight com-
pared with the Veh group (P<0.05). Elevated levels of hepatic glucose, reactive oxygen species, peroxynitrite, and
lipid peroxidation were detected in diabetic vehicle rats, whereas oligonol treatment significantly attenuated these levels
(P<0.05). In diabetic vehicle rats, hepatic antioxidant enzyme protein levels decreased, whereas oligonol treatment
showed significant elevated results. For inflammation-related protein expression, oligonol-treated groups showed insig-
nificant reduction. Oligonol improved expression of proapoptotic protein caspase-3 in the liver of diabetic rats (P<0.05).
In conclusion, these results provide important evidence that oligonol exhibits an inhibitory effect on oxidative stress
and apoptosis-related protein expression as well as a hepato-protective effect against the development of diabetic compli-

cations in STZ-induced type 1 diabetic rats.
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7] go2 2rH(13). BX E8HEe 542 catechin
@3 Bl (monomer) 2} A% %A (oligomer)¢! proantho-

cyaniding &Fstal 9tk dolt}. Proanthocyanidine
TZ2A 02 catechin®] 3| (polymer)e]™ =2 A&
< 7Y 28y FEAE ATH R A S W As)
o] wom QA W &4 wek =4 vk Aok +4k
ko] &2 proanthocyanidin® o 2+ =% gomw E7 %
Ql ZoHEFHE AR U, S 74 @Ay 7 A 89
FAEA el A8 o] &
=7} Yol th(14). Tanaka S (15)° ¢]8] 1A} proan—
thocyaniding A&A+3} 3k 7o) a8 o= /=Sl
I gz AFEA e o] &F L gtk YA ZFE AxH
oligonol 15.3% monomer(catechin &)} 16.7% ©]1%
A (dimer, catechin¥} procyanidin £3he] Zg]ds &gt
A= A ded vhal 212 8952 6.4% mono-
mer®t 9.8% o|FAE Frst o AR-AZF Zov=
ol wt
Oligonol®] t}ekal AE A &5°| in vitroS} in vivool A
FEE AT AF(16), FAkst 2 F9F(17), nitric oxide
Aol &4 F7F &3(18)¢F A A Al =4 #-8(19,20) &
o] B Arh Altk7t 28 YD db/db vH-229] 4l
FxAoA AdF R HAF G E oA &3, x4
A AAOAL 24E T A T oA &2} o] By
o] oligonol WY =E A A4 & k22 9] 75 Fofo
gt Be a7t e How YERETHZ21-23). 12y
oligonol& 18 @k TEEDAA @73t Fof A k27

i

o2 oy §

F

&gl mA = A A Gl digh A7) mFslT) wekA
B 2ol A= oligonol= streptozotocinl.Z 13 Y s
frkgk Fol| @77 Fojgte] kxR Ao A FtE Ak
Edg 2z JA|, 52 D AxAE D AHE g4 do
v )= Qg i8] AR At g
Mz Y

A=

B A% A& oligonole] & 2 Ax, A 5
Tanaka (15 o3 Fd=HAT} S Az A E 50%
/v) AR ER FZ2- 5530 FHAE ST 248

=
52} FEA citric acide} £3F8+e] 60°Col 4 7}
staL gA] 3 o2, 40%(v/v) NEEE F& 9 FFSH
oligonol Amino Up Chemical(Sapporo, Japan)& -
A g kol Aol A8} T},

U AE B

A% 100 g N9l Sprague-Dawley H
olA2(Daegu, Korea)oll Al 43kt 28
2% 231+3°C, ¥% 50+£20%, W7+

offt
il
i
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12A)7te. 2 A8k AR
FoheA 783 A9 Bl 43L 98
A== st
Streptozotocin(STZ, Sigma-Aldrich Co., St. Louis,
MO, USA)E 50 mM citrate €58 (pH 4.5)0] o] STZ
50 mg/kgs B FAEY g FEsivh G
el STZ Fof 48A1%F 5, 12A13F A2 A 7] a1 e A=)
oA AMEste] IS SASIA 5 FAF 14 5
49 0] 350 mg/dL o9 W Gt F2E A
8l @&+ (Veh, n=8), oligonol 10 mg/kg &
(010, n=5), oligonol 20 mg/kg FI7-(020, n=5)°. &
ol 109 &)t Aol Abgstith STZ W4l buffert
Fog 447N, n=8)S T Husk3ith. Oligonol
FoAE AT kgD 10 mgd 20 mge SHF 59 EE
&3l v Ao i, A Gl s A3
st TFY F Fofsigint Aae] Ase A%
Aetlom AAFE JALS T

w2} 428k tHDHU2014-009).

o ol

+E = shict &g 84
T BAT & B4 AREEglTE k2R A Eske] 0.9%
A2 daa AH3ta (A2 BI85 AAG Y $F&
43 o 9478 FHE AFS] 24 AFAEEE 2ee)
Atk ol MAELE FE 4T vhe PEare] Hisid
A AR Abgetgith A@sEE I3 9 hx2A A4E
T B Adwe] ww AR A A 870, dadiE
o 870, 010 571, 020 571°|th.
23 A ZEZ glucose 5= £H

3 glucose =% glucose oxidaseH o= A|ZXH X

T =48 X 9(Glucose-E kit, Youngdong Pharma-
ceutical Co., Seoul, Korea)& AH&-3}o] 505 nmoll A B] Al
A= sk 7229 glucose 25 SA3H] 28] WA
1224 0.9% NaCl, 0.15 M Ba(OH)2, 5% ZnSO.5 ¥

1818k oh3 94128](1,400x g, 15 min, 4°C) o] A5
HEeta, 2= S8 AGS AREele] v A

tH(24).
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ZtR X! ROS, peroxynitrite, MDA

ROS(reactive oxygen species) A4 A=+ Ali 5(25)
o) WS AHEESIT. WA 24 S A7KE 1 mM EDTA-
50 mM sodium phosphate buffer(pH 7.4)2 w}&]3to]

Adslgk thg AP st AsdS Bt 25 mM

=y



Oligonol®] i 7]

2',7'-dichlorofluorescein diacetateZ 7}&to] 30%3F ¢
2ol A WA U5 excitation 468 nm, emission 530 nm
Sgo A FFEE =3} Peroxynitrite &7 44
Kooy 5(26)2] W] we} dihydrorhodamine(DHR) 123
o] 2tsty = A= 453tk DHR 123(5 mM)2 di-
methylformanide & o4 dAE purge 3+ 3o -80°C
o] Bytalglom, A8-3t7] Ao Gl I flolA A
ste] ARgalgith Age] o] &5 = W& H(200 ul) 90
mM sodium chloride®} 5 mM potassium chlorideE 23+
3}+= 50 mM sodium phosphate buffer(pH 7.4)°] dieth—
100 M2 &3%3s}aL
Ay FER 34

ylentriaminepenta acetic acid&
DHR 123 &< 5 pMe] SA =93 5
3 A= 10 pLe} 200 uM peroxynitrite 10 pLE A 7}s}<]
Ab-23F9 T} Peroxynitrite anion A&7 848 A7) o] Wk
MNE A2 A 53t HHEA1Z] £ excitation 37 485 nm
9} emission ¥ 530 nmZ 3l A4 FAHEAT

727 2] MDA(malondialdehyde) %%+ MDA ELISA
kit(E0597Ra, USCNLife, Wuhan, Hubei, China)& ©]-&3}
o] 450 nmol| Al multireader”] & ©]§3to] SFEE 54
stk =89 FHEE FAA 3 AAE A=t 1t
Z2 ] MDA %5 AXeAdth27).

Zt=ZE| nuclear % post—nuclear fraction 22|
Z4] 9] western blottings 3}7] &l rat & wi&|S
9ol k22 AR5 F A5 AQFHs A AAR
EFE oto] YEale] By & Alg g ARgeRlth Nu-
clear fraction& —LrFJ 317] Qe WA r2AS 27E lysis
buffer[5 mM 2-amino-2-hydroxymethyl-propane-1,3-
diol(Tris)-HCI(pH 7.5), 2 mM MgCly, 15 mM CaCls, 1.5
M sucrose, 0.1 M dithiothreito(DTT), protease inhibitor
cocktailloll ¥¢] homogenate 3+t A2 (10,500X g,
205, 4°C) ¥ A5 AL post-nuclear fraction® &, pellet
< nuclear fractions #2|3t7] 913 AH&-3F3A ). Pelletol]
;3% buffer[20 mM 2-(4-(2-hydroxyethyD)-1-pi-
perazyl) ethanesulfonic acid(pH 7.9), 1.5 mM MgCly,
0.42 M NaCl, 0.2 mM EDTA, 25%(v/v) glycerol, 0.1 M
DTT, protease inhibitor cocktail]& % 7}s}o] iceol A 30
7 A & 42A #4(20,500%g, 5 min, 4°C) 3o A
S S nuclear fraction® & AF&39 ). Nuclear frac-
tione 3 HAFSIA}FS] nuclear factor kappaB(NF-kB) w3
A ¥d A= Z post-nuclear fractione superoxide dis—

Y I->I

ol 1o
1B o

mutase(SOD)-1, catalase, inducible nitric oxide syn-—
thase(iNOS), caspase-3< SA3}7] Y3l AF&3sF3it). 2
fraction®] ©¥ AL FFE 0 F bovine serum albumin
= AH&3EAL Lowry 5(28)9] WS o] &3ho] FFaditt.

ZEX Xl western blotting

x
g zo] Ak AMZo] Laemmli sample bufferE &%
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&}o] western blotting& &8 Z A5t Target T3
A 24L& 95to] 10% SDS-PAGE®] il MZe 7}
20 mL ®58 Foll 100 VoA #7]|9% sto] v
sk gl B2 & 100 VoAl 1417 59t poly-
vinylidene difluoride membrane 2. & o] A|Ft}. o] 7}
Ed & 5% BAS7F £3HF blocking buffer(TBST buffer;
50 mM Tris-HCI, 150 mM NaCl, 0.05%, Tween-20)&
o]&-3to] blockings AAISFATE 12k 3A<1 SOD-1, cat-
alase, NF-kB, iNOS, caspase-3, B-actin, histone(Santa
Cruz Biotechnology Inc., Santa Cruz, CA, USA)S 5%
skim milkell #4138t & membraned] w55}l 4°Col A
over—night A7l & TBST bufferE o]-&3s}o] 1081} 53]
Ao, gla 2321 A2 goat anti-rabbit IgG
(Santa Cruz Biotechnology Inc.)& Z+2ZF 1:2,0002.% 3]
Aate] g AJZE EQt wE-S AIX1 $- TBST buffer® 10+
7 53] Aojlon, ojo] W} EEF M= AL en-
hanced chemiluminescence kitg ©]-83] membraneS
FAIZ1 F X-ray filmell @43t Band9 density:®
densitometry(Bio-Rad, Hercules, CA, USA)Z &35}
=3

SAXM

B Ao de nE HolEE Hdy FF
o, ZF Ht A 3F 2ol tisk {2142 SPSS(Version
22.0, IBM, Armonk, NY, USA)E o]-&3}o] ANOVAE 2
A8k & Duncan's multiple range test® 2z} 7¢] 3 %}

o sz e

o] EH@ EAZ 89S 59 fFoA A=stA).
2nf W 2%

STZ Sl R rate] HF, AFYFE, S+ L 2 24

9t rat9] AlF WsKTable D& A%

o] 24.5+3.0 g A, AN

Z7FFATH(X0.05). o]+ 13 %hgl 7
57} Z1 e o a} AtEAREH

a3 ]Lé}‘ﬂ freldo=w iﬂ? i AL} o
AR S5 BT Al Rl dimatel A
ojH o7 %0}}19_4 oligonol oo W& f9o A
St &S] FAY 2 T gl
LRI A 166.7% X o7 F7hE o]
el A 2k —‘jrﬂ]ﬂ TS o —’F ASATH T

=,
ke

=
9] glucose 019“‘? Ztg]r A A t’sﬁoﬂ u}
HAE F7F H Tl A o] S el F7
o7 Ru¥a Jrk29). 23 oligonol 20 mg/kg
oA Ffzatel Hlsh P FAITE 23% A= oA
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Table 1. Body weight, food intake, water intake, and liver weight

2=
=

Body weight gain Food intake

Water intake Liver weight

Group (/10 d) (g/d) (mL/d) Liver weight (8)  (4/100 mg B.W)
N 18.0+£2.1°2¥ 23.3+0.3" 27.6+0.8" 13.0£0.7° 3.120.1°
Diabetic rat - - - — -
Veh 24.5+3.0° 38.4+0.7° 215.8+3.1° 12.6+0.6° 5.2+0.3
010 -16.3£1.7° 37.0£0.6" 208.7+4.3" 12.5+0.6° 5.3+0.5
020 -15.0+6.6° 39.7+0.5 220.6+3.6" 9.5+0.3° 4.0£0.2°

N: non-diabetic rat (n=8), Veh: vehicle-treated diabetic rat (n=8), O10: oligonol 10 mg/kg body weight-treated diabetic rat (n=5),

020: oligonol 20 mg/kg body weight-treated diabetic rat (n=8).

)Results are expressed as means+SE.

’Means with different letters (a-c) within a column are significantly different at P<0.05 by Duncan's multiple range test.

o2 ZFasgi ol Frdziel va) A
ol 7F FA S olzl AL

oligonol®] A &3td A&l &z wiE<l dgi A}El‘aﬂr
(22).

Oligonole| &A 4l ZtX X! glucose s&0| O|X|= F&F

Table 204 Hi= vlel o] STZE Foldt F1F o
STZE FostA &2 ATt X7 u$ =4t
(£X0.05). Fxl oligonols Fo3t A3} {22l W3}
= glglom, AaldFel T & ATl A %X oligonol
Fo= 89 248 AgAY e vHA Kol Ao
2 VEbRth2]). 18y k24 9] glucose TEE SAH S
A Ggare] vla Ddroizatel A felAor A F7t
3k 722 W glucose %=+ 20 mg/kg oligonol Fo] Al
32.0% 723 tH(7X0.05). Gl el = el A glu-

Table 2. Changes of serum and liver glucose level

Group” Serum glucose Hepatic glucqse
(mg/dL) (mg/mg protein)
N 128.7+0.5 103.6+6.2°
Diabetic rat - -
Veh 413.4+1.1° 255.5+23.5°
010 415.1+16.5* 219.2+16.0°
020 389.6+12.8" 173.8+14.9°

)Groups are the same as Table 1.

PResults are expressed as means+SE.

“Means with different letters (a-c) within a column are signifi-
cantly different at P<0.05 by Duncan's multiple range test.
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cose uptake$®} incorporation®] Z7}sle] 7+xZ
cose’} FARHE Aog dex o (30), & A
Azel x5ttt 183 oligonold o]k 7t

glucose ¥ ‘%—ir?iotq 1‘” Hz2A U AU glu-
cose 4 B FHAd 7
A B Bl o] &3

BN
N,
@
0,
5

= Hst

rZ7 9 ROS ¥ peroxynitrite, A &3 At3) sh&ke
Fig. 1149} o] @279l Vehitoll A A4kl H]3)
Z+7} 120.0%, 160.5%, 141.4% <7} At 284 oligo-
nol 10 T+ 20 mg/kg FoJ 7ol -] ROS 2 A A 3}aka} A
G Vehwoll H]3] dAA HaE AT 53
AFEFATH/X0.05). B3 peroxynitrite A4 3 oligonol
20 mg/kg FolTol A F9H oz A4S tHXK0.05). T
wH AHAA AsE ~Ef s ZF7hE vasad 9t
(nonenzymatic glycosylation)2} AHz4t3l% 93H(au-
tooxidative glycosylation)®] &7}, &-4k3}ako] Al (antiox-
idative defense system)2] H3g} o2 Ql&te] Uojdr}

3 4 A 9uk(31,32). o]t ks ~EH AR Q1ste] A}
A A ZA F free radicalo|y A A4 3tE0] EAG

o] AAE = BAol= o] FHE& A7 f3l 7HE
%= SOD, catalase9} 32 4kst# wrol AA 7} Qlo]A o]
S5 AAGAT Aol et o] o] 4hstA ~E
2 Aol A= ol AAZE AEHAER free radical

0.08 A

MDA
(nmol/mg protein)

Diabetic rats

a
b a

80001 b

> b 150 - :

0 b
6000 006 4 b
4000 - 0.04 -
2000 0.02 -
0 0 0.00
N Veh 010 020 N Veh 010 020

010

Diabetic rats Diabetic rats

Fig. 1. ROS, ONOO’, and MDA production in the liver. Groups are the same as Table 1. Results are expressed as means+SE.
Means with different letters (a-c) above the bars are significantly different at P<0.05 by Duncan's multiple range test.
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AAdol =7ttt WA H superoxide radical(Os), perox-— Oligonol2| ZtX X! SOD L catalase THHZE! HIS{0f| O|X|=
ynitrite(ONOQO"), hydroxyradical(-OH) 58 A|3Eof| A& oSk
g 1, 53] Axute] g2 st 2-8-she] 242 SOD+ superoxide radicals LA A Hp02 A 3HA]
AbskES AAFSEAL o] 2 1E) M2 7ss &A= A 71w ojw] WA H He0; 52 GSH-peroxidase, catalase
2 oln] &4 A ATH33). 9 #&ol o) HoOR F53tg o2y A= o 2R

G5ka ol 4tskd ~EHAE TV E UE & AAE R5eHA H& AHolth(38). Microsome?] cyto-
AEAQ A3t A & Al AF vk wisi AR 23] chrome P450 % mitochondria®] respiratory generating
AEHHEo] AW o2 T/ AlxolA INOSe| od systemell 28] A E ROSE o8] F579 AW 2o
o] ZXH 7 1t AbstA Ao A Fo] FrkdrTh FHofghth(39). 18I T AdElolA = ROS A A7 &
NO<= nitric oxide synthase®] ¢3}] L-arginine & 24 A3lE = Wb ROS A4 &84S 7143tH40). 2 Ae 2
B A= EAR AUy, Asder)s, das I} STZ=Z 23 G FHoll A 722 2] SOD ¥ catalase
T Hge Aerlss veERAY 28 nitric oxide®] A e Qe Aol vl T el A dA ] st
/né aolzo] ;gz\l— o])\l—oi ;qﬁ:x% o= /\Léfg}ﬂ] Quq oﬂ.z_)d 7J ﬁgp} ohgonol .,_oq:rloﬂ/q% SOD 1;.; Catalase r/}uu;d u]-
Zho] WAE 4= 9lom kAot AFste] A EH ONOO &= Fo] folq oz Z7tekAthFig. 2). o] A oligonol®] &
A} Aol st &S F AR Hol, A8 & kA A oA E A A s oA J‘lﬂrt 217441 g
a9 AAEN 58 oy AAE ONOO 9 AA 5 7 a7 anel 7|k e AL Oligonoldl=
o] A3 Hox|7] wjFel &githe] BE AAIFEA catechin 7]¥74 monomer$} oligomer”} tha i 5 o]
WE A nitric oxide A4 &4 HHS FFE Zlo] v F AL olefg BEAE] AT 2% e Z9AQ)
23194(34,35). Aoz By Jok41).

13 Gl glo] rx2 ] HitstE A A=E golr
7] 98l MDA =2 SA3At) Fig. 1014 Adatol Bl OligonolQ| ZtEZE! NF—«B 2! iNOS CHH A Bisiof O|x|=
Gt Ztoll A MDA =7} Tr4 Aoz gokon, o] HE
=715 MDA9] X%+ oligonol< 3k 01073 020+ Fig. 394 B vpe} o] STZ-d T 9] 7=
RO A 2] 3HA 17?“3}»,\"/}(11%0.05). A I A A= AEsk A AFxd AARIAR] NF-kB9} 71 E‘r7;1 whal 2 91 INOS
52 DNAE &4bshy @, Eduo], fxe &4 % o] Bd HJEE SAHGITE Aol vlE Frdlzd e

r3ke] Vo r deA] At ol Wk A Al AbshA NF-xB % iNOS iz o] fro)4 o= F7}al i vthX
AE# 20 Z7FR Q5te] 24 )9 FikslEo] F718S) 0.05). 218} oligonol F-olw-oll & Folxl A4 2AAHe]

i o]& kx4 A MDA o] Frtdoe tE Hi o] olx = A Bl o) oA olx] gkt &4
(36,37)¢F #ow STZE s F523 FHoA 7y x4 Ab2E= NF-kBE 843 4A 9% &2 cytokine¥} che-
ksl geFe] FUhE 249 48 S 7158 E sles mokine, &N AE9] THS FH8a A=A g o] 7}

A28 Y. 284y oligonolS £33 23} 0103 020+ = 23k(oxidized-LDL)E F7MA1AH 2] ZZA oA tumor
FolA A A3pAasLE skEFo] dolg o o= ROS # necrosis factor(TNF)-a¢} interleukin(IL)-6 52 953
ONOO ¢} 22 free radical AAs 3 A 722 9] 23514 A EAES S7EH 30H42). 9598 FHAS o5
2EH2E S3A7] = 8R1e 2 23k oz Azt A= tiete] AAE BEshy] g 7P Feg e AE-

T

¢}

A SoD-1 |WEEE—— B Colase | g e s —

B-actin | _--_—-ﬁ-—-| B-actin | _-——-ﬁ-—|
1.2 q a ] a 1.2 7 a
10 4 —1 [ 1o 4 1 a a
z z b [
5 0.8 b % 08 -
o he)
£ 06 1 £ 06
iy ]
8 04 - S 04 A
@ 3
0.2 © 02
0.0 0.0
N Veh 010 020 N Veh 010 020
Diabetic rats Diabetic rats

Fig. 2. Hepatic SOD-1 and catalase expressions. Groups are the same as Table 1. Results are expressed as means+SE. Means with
different letters (a,b) above the bars are significantly different at P<0.05 by Duncan's multiple range test.
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=

B iNOS | s s s

B-actin I — |

25 4

a

2,0 a
= a
5 [
- 151
=3 b
(%) 4 T
8 10
Zz

0.5 A

0.0

N Veh 010 020
Diabetic rats

Fig. 3. Hepatic NF-kBp65 and iNOS expressions. Groups are the same as Table 1. Results are expressed as means+SE. Means with
different letters (a-c) above the bars are significantly different at P<0.05 by Duncan's multiple range test.

7t F=stAY 47|s =W o T}
=g Az A go) A= gja A 7 &

A 3lE o] 33k Ah3kd A9 prostaglandin(PG) Es, TNF-
J AL EFRRI, Fad B4 To BHE T

54 o|th43). T7he TNF-at BB A At
Tro] ARAQ 45 FEstn, IL-1p+= 3t
+= fibronectin®] W3S Z71A)71
H W TERd 8571 oligonolS

A5 BEE A AAE AHEGES 1
o] A= AgU)3ke] @3k

st Gz F o] kA A FHAA 247
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oo 4 SR P 2
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og(:‘ll

caspase—3
MEAIE I D35 #H o] Q= 7FEZ caspase—
4 wd AwE S4eethFig. 4. 124
gtol] vldl STZ Fo vzl A A F7tst
|
o)

ON
0
gl

T

o
A TH(X0.05). 121} wﬂﬂii‘ﬂ 18 oligonol o]+
ol X Z7}9 caspase-3 Wdo] fFoF oz oA HAT}

o

Caspase 3|—- — — #I

B-actin I S I
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