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Biological Effect of Vaccinium uliginosum L. on STZ-induced
Diabetes and Lipid Metabolism in Rats

Eun-Kyung Han, Hyuck-Se Kwon, Se-Gye Shin, Yoon-Hee Choi, II-Jun Kang, and Cha-Kwon Chung*

Dept. of Food and Nutrition and Korea Nutrition Institute, Hallym University, Gangwon 200-702, Korea

Abstract

This study was conducted to investigate the effects of Vaccinium uliginosum L. (bilberry) on chemically in-
duced diabetes and hypercholesterolemia. Sprague Dawley (SD) rats were divided into six groups, control (CON),
bilberry added group (CBB), streptozotocin (STZ)-induced diabetic group (STZ), STZ and bilberry added group
(SBB), high fat fed group (HFF) and high fat and bilberry added group (HFB). Diabetes was chemically induced
by intravenous injection of 45 mg/kg body weight STZ in citrate buffer (pH 4.5). Serum triglycerides decreased
significantly (p<0.05) in the STZ group that was fed bilberry. Additionally, the athrogenic index (AI) decreased
significantly (p<0.05) when compared to the STZ group, while the liver triglycerides tended to decrease in the
STZ group. HDL-cholesterol also increased significantly in response to bilberry. When compared to the STZ
group, steady attenuation of the blood glucose level was observed upon fasting, 15 min, 30 min, 60 min and
120 min after oral glucose administration. The blood glucose level in the bilberry fed group decreased by 24%
when compared to STZ group, while the superoxide dismutase (SOD) became significantly higher (p<0.05) in
the STZ group when compared to the CON group. Overall, the results of this study suggest that bilberry stim-
ulates lipid metabolism in both the serum and liver and has a positive effect on glucose metabolism in chemically

induced diabetic rats.
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EZ & ethyl acetate E8 oA grtstaAd o] 733 571 9
@Y compound®! myricetin, quercetin, rutin, hyperin, iso-
quercetin 5°] 8187w} JTH9). EIF ok YA
E 2 = catechin, tannin®| 2~10% 2 &3] ZX Y myr-
tillin, malvidin 2] anthocyanocide % quercitrin, hypero—-

side 59 EetRolE FEAS st JTH10).
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A= AAolrt
olo] & AFollA= A 2AF el streptozotocin(STZ)<
FASEY BRE 2 F 6577 52 Folste] €%
Hgtel go) gHToR ’i‘xﬂﬂ—t— A AL 7R & 8

X ERER

E&L 53 S (Vaccinium uligi-
S 24 20°CAA ez & E35tH
AT FEY ALR HI7F AMSSIA T A2 T

= azﬂﬂ]i =z
= 4°Col WAl Basiat

desE Y Ao|

AHFEL A= 100 g =9 Sprague-Dawley(SD)A]
o FFHE UIAIFEAEH(TE SA)ZHEH Edgol ¢

A7+ A AFFAIZ F AT WE FH ot 7

7H T(Table D2.& o] 657+ AMS3H4
’F2) 0] (CON), E&F 7 (CBB), ZA %
o (HFF) ﬂxlﬂ‘ 2 EZEST(HFB), B=7(STZ),
= T (SBB) 22 vro] AFsth A4

of AL 2=(2+2°C) ¥ FE(65+5%) =& FA3HA

ST 12/\12_} light/dark cycle(08:00~20:00)2 <733}

AEFE 9] diet= chow dietE AHE3A] a Zhzhe] 2

£& £33 #8 9 powdered mix dietS A8
a1, AIN-76(American Institute of Nutrition, 1977)9l 2] #
Atk AEFES A2 ¥ FUL v UE FAT &
RA 3tal(ad Lbitum), T3t A2 As FA 2k

o % A% Hole 52 1xE B3 HE dietdl 5%E

Table 1. Experimental animal groups and diet

Group” Diet

CON Basal diet

CBB Basal diet+ bilberry
HFF High fat diet

HFB High fat diet+ bilberry

STZ Basal diet
SBB Basal diet +bilberry

1)CON, control group; CBB, control +5% bilberry added; HFF,

high fat group 9.9% of lard and 0.1%6 sodium cholate in the
diet; HFB, high fat diet+5% bilberry added; STZ, diabetes
group induced by streptozotocin (45 mg/kg B.W. in 0.01 M
citrate buffer); SBB, STZ+5% bilberry added.

SEAE

i

BAF - AR

oz

A7t

S 7

ARFTES 16A AANZ & I 45 E41 strep-
tozotocin(STZ, Sigma Chemical Co., St. Louis, MO, USA)
2 0.01 M citrate buffer(pH 4.5)°] =< 45 mg/kg body
weightE 23] B35 st GaE st 42 o
T2 THY citrate buffer §9-& FALSIATE FAF 24413

F APPREAA FAL AAse] YRS F 45
& st YL ZPshol M FH Aol 200 me/dL o4
9 FES Yust 40F Aoz FAsdn

oA U 2 AN 2Y

dH4 o] FZdzHE, T4AE L-ZFH 2829 &

2L kit(o}abA|eF, 314, Korea)E ©]€3}e] spectropho-
tometer(UV 1601, Shimadzu, Kyoto, Japan)Z #4338} $3L
7t Alg 9 AR FF2 Folch 5(11)% Bligh-Dyer
(12)9] S Wt A&t FAH 3L A&
¥ Z+ 1 goll CM solution(chloroform : methanol =2:1)2 7}
3} homogenizerE &3} d}al, shakingdt & 3,000 x goll
/\1 1087 A1 8-2]3} 3L chloroform 52 =719 &%t &
2 7+ A8 BA] chloroform 7Fsll QA8 8o 3 mLY
S A F710 &4 F 6 mLE AU ET
T3t FEH2HE, F4X4, HDL-F8 2~
HE9 &4 7 dx9 F229 3 mLY chloroform?l]
=o] A4 7F2Z chloroformS €23 8% |23 L3
oz EASYEY. A8AAASY P AA A AL
= T 733} x|4(Al, atherogenic index) @ HTR (high
density lipoprotein cholesterol and total cholesterol ratio)
< T Ao F AT
Atherogenic index (AI)= (total cholesterol-HDL
cholesterol)/ HDL cholesterol
HTR=HDL cholesterol/ total cholesterol

chloroform <
7 g3

d

] 2
sucrose bufferg 7Fste] st A T3t 2171
gl A 1023 AAEE 3t & 2 Axe 5 vea) BE
AA FEHE FHsto Fastasd dH=E S43AT
Catalase 4= Abeid] ¥ (13)o] W} A2FHE= I
A8} no) ko 7 ZA35 T SOD 4L Cropo 59 4
H(14)o.2 A3 Y, G9<= sample 1 mLT unitE ek
Witk GST &4 =348 Habig 59 WH15)00 we}t 24
@9= 1%7F mg protein®] 4433+ 24-dinitrobenzene-
glutathione®] 340 nmol A 2] Ex} 3= A4S YeERATh

?_I' 7| X|_|.|_ k=
Aspartate transaminase(AST) &4 =+ asparate, keto-
glutarate 7|2 Ao ko] FA M-S HUIstH G428 9

OI KI-I
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3}a] amino”]7} A o] % o] oxaloacetate?} glutamate’} A A
He g8l 938ke] 340 nmol A 5T oA S5
11, alanine transaminase(ALT) &A% ASTS} v]S=3 g
2 7re] FA NS H7bste] amino”] 7t A o] ¥ o] pyruvate
9} glutamate’} A=+ Lo 2lsta] 340 nmoll A 3E3¢H
=339t o]E &84 4L Johnson & Johnson Ekta-
chem(New York, NY, USA) E47]|2 =43}t ALT,
ASTS 54 84 9= €4 113 1 unit2 JeER Aok
DIASER|RlO| =X ZVAF LY SHAMSlE A BHA =X
HAaks}A] A 9 Jarefio 5(16)3} Kim 5(17)2] ol
wrah 7k 22 9] 71- A thiobarbituric acide] ¥H&-<] F4
© 2 malondialdehyde(MDA) &3S el AT 7t ho-
mogenate 0.2 mLel 10% SDS 0.2 mL, 0.1 N-HCI 1 mL,
5% TBA(thiobarbituric acid) 0.5 mL, dH>O 2.9 mLE 37}
3}l shaking, 95°Coll A T 233 3 1417 71, 1083 4
2ol 438 Fo 3000xgolA 1087 YAEF 3} 532 nm
AA FHEE S5t ZFHol| FALES 19 F st

oo

AT Y5 HAHOGTT: oral glucose tolerance test)

AT EEF WA A4 e] B 574 AFsES
12417 A2 471 50% EE=3(05 g/kg body weight)<
ATEA9sta Zhz} 15, 30, 60, 120%-0) x2] F oA o
AH st S SHAS 271EFLS T8 A A/
Algslg o 89 =48 blood glucose meter(One-
touch-Ultra, Johnson & Johnson)E A}-&3}3t}.
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Table 20 A o}‘ﬁﬁk

] *P?LOH Hl&) nA YA i F7HEE e
2oy o492 glsdth fir o

=l STZ FA=Z #)%2] B-cello] JMQO%

d AR A s doA Gty EFES Jﬂ?&zi’%ﬁ

(18), EE% o]-&&o] 7rAstA Fof AA

AR AFo] 7HaHE Ao =E 1HF

= STZato] CONel| Hlte] Z}2} of 22%
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v 2= 1729
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Table 2. Body weight gain and weight of liver, kidney of ex-—
perimental rats fed high fat diet and treated with STZ

Groupl) Body weight Liver Kidney
gain (g/day) (g/100 g BW) (g/100 g B.W)

CON 6.56+0.997"%  382+0.19° 0.76 +0.02
CBB 5.23+1.20 4.03+0.1" 0.76+0.02"
HFF 8.45+0.79° 3.8940.14° 0.68+0.01°
HFB 7.02+0.88" 4.21+0.05™ 0.77+0.03
STZ 5.89+0.93" 4.64+0.15" 1.0440.04
SBB 5.49+0.94% 8.07+0.6° 0.96+0.13°

DRefer to Table 1.

YMean +SD.

YValues with all common superscripts within the same column
are not significantly different (p<0.05).

o} 37%9] 94 (p<0.05) S7H8 EAT. Ttz 4

FEFS] JYTAZ 3 Do} A FAAGOG) 2
Z7rsl904 4 zoy,] ZAlos 9L XA Ut T
A zke] vtle Asd ARo= Qe Ao B} #7}

Ha F7He %E]XWJ"JO] e FAAY F o) 8-H
o] Zkel AHo] FAE7| “H-EJ o2 HQIY(19). FE3H
T Fo A& HllE EEo] UDP-glucose =& gly-
cogeno. 2 TJALE] o] *]’?Z] LH/] & #BA}o] A FE(mesangial
cells)oll EHEAU20), LT A F2oM x=Fo

%3} RNA 2 DNAY A S S/ P0 28 A9 A E
BAS A A 2Fo] HYsIRE Aoz BRugw ok
(21)

X E g2o gl Xzl ojxl= g

2 W F el 2EE FF2 Table 3049k o] H4
ol ¥lsl HFF2 STZw oA 2] 8HAl (p<0.05) 57+ S

ow, FAAY ﬂ%k Eg FUEE oY o8 itk
Grey 5(22)0& STZ FAZ Q&) 7t =™ AU =
do A= 7‘4"]'4 Q1 2o tiAt L&Al dojuhA] &7
Lq]-,—oﬂ 7k Lﬂoﬂ/q ;qz] Aél,io] xigo] Na} x]u]-tﬂ}do]
doju} Fo A9 FZFo| Skl Rast =3
Gt 2AHA G AHdAE 719 hydroxyl methyl
glutaryl CoA(HMG-CoA) reductase €4 9] &4do] 7H4F

i FUEEHE olFo] ke, B3 F @ SHHE

Table 3. Effect of bilberry on the concentration of the serum
lipids of experimental rats fed high fat diet and treated with

STZ (mg/dL)
0 . . Total- HDL-

Group Triglyceride cholesterol cholesterol
CON 1425882579 57.41+2.07 23.06+1.73"
CBB 12320£10.13"  56.46+1.07 23.28+1.90™
HFF 160.57+9.35 75.214+1.22° 21.29+2.21°
HFB 139.20+16.31° 75.00+3.23° 28.71+0.99
STZ 147.20+10.71* 83.27+4.62° 22.48+1.81°
SBB 92.20+14.09"  77.73+3.14° 29.28+1.79*

‘”Refer to Table 1.

YMean +SD.

IValues with all common superscripts within the same column
are not significantly different (p<0.05).
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. EF ?rﬁ Al HFF# 3 STZwol| Hl3te] HDLo| <]
3HAl(p<0.05) F7Fst e, ARt F7tete %9
EAE 81 ZAYAF AN 2 gz e Tul Al AR
Agke] T ool a3t S Ao AlREY
AL vt A8 2eHY JFS U=
HTR2 Aol vls) A gwa gt zaolA Fast

gor, 5% o A 0x FREAT F4e 99
AL, BAREE BF Tl A $2180(p<005) RokA

geo) $702 AFHAOM, Puth2T £ 55 3
512 918 £942(p<006) A4S HEIATHFig. 1, 2).
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Fig. 1. Effect of bilberry on the atherogenic index ex-

perimental rats fed high fat diet and treated with STZ.
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Fig. 2. Effect of bilberry on the HTR index in experimental
rats high fat diet and treated with STZ.
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Table 4. Effect of bilberry on the concentration of the liver
lipids of experimental rats fed high fat diet and treated with

STZ (mg/g liver)
. 0 e . . Total-
Group Total-lipids Triglyceride cholesterol
CON 340045377 9744077  1.47+0.06™
CBB 31.67+£0.75" 7.98+1.07" 157+£0.11"
HFF 41.11+2.61° 13.58+ 1.06% 1.81+0.12%
HFB 36.00£6.00™ 10.77£1.65"  1.67£0.05"
STZ 34.29+481% 821+2.14° 1.47+0.14"
SBB 25.00+3.19" 6.89+0.64" 1.44+0.12°

URefer to Table 1.

YMean + SD.

YValues with all common superscripts within the same column
are not significantly different (p<0.05).

5 azeld za
AR F718
Kon(2)t ST o] FolA & 2440
AR I8 3 st 25 ALE A
o2 olgaly) Wi AFe) 7Hast Bl F4
o olshe PRt Wi 2 A7 As% §

Aysiey.

A AL, AST°| 2N "5}

Aol 7+ A} §49 ALT9 ASTS] &4 W 3l= Table
5l vrebd npo} %E} g3 T ALT €42 ax 4+ 2
S ETe] el Histe] SUtelovd £ MY o
2 QI Apo]= HolA] Utk AST &4 9 A =tz
T2 AT A Bleke] 2 8hHA| (p<0.05) S 718t
R, &% FAZ U2 Ao B fide o8
STZ= 7 ] ﬁu]zs]. ;(]H]—H:]/H o 0107;] 7]- /\)\ 4 Z]Ei

o] &5= ALT ¥ AST &4 %7} solxta Bk v}
oH(27). o]+ Lim¥ Kim(28)9] A+Z2 3 STZE Fo%
el ALT7F A2datell vlal 79% S7Hek il ASTE 66%
S7hetAtE Bash fAbetinh gk A e ALT &
gol 7hE =& AR Hol A HFHTE 3T el dF
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Table 5. Effect of bilberry on the activity of serum alanin
trans aminase and aspartate transaminase in experimental
rats fed high fat diet and treated with STZ (KA unit/L)
Group” ALT AST
CON 39.83+279°N% 62.25+359°
CBB 3850+5.13 54.80+4.80°
HFF 49.11+2.47 78.75+£3.50™
HFB 47.80+1.11 71.00+3.85™
STZ 46.75+4.82 115.56+11.00°
SBB 43.33£6.39 101.00+13.62"
ll)Refer to Table 1.
Mean % SD.

YNot significant.
YValues with all common superscript with in the same column
are not significantly different (p<0.05).
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Fig. 3. Oral Glucose Tolerance Test (OGTT) in STZ-induced
dibetic rats fed bilberry.
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Table 6. Effect of bilberry on the activity of catalase, SOD,
and GST of experimental rats fed high fat diet and treated

with STZ (unit/mg protein)
Group” Catalase SOD GST
CON 248341247 362+016° 122041775
CBB 31.82+4.17° 370+0.39"  14.03+1.99
HFF 41.55+3.07 431+020"  933+1.13
HFB 46.36+3.41° 3.88+0.22 9.95+1.43
STZ 27.88+1.68° 5014035  11.49+1.32
SBB 34.00+5.65™ 510+0.75°  13.79+257

DRefer to Table 1.

YMean +SD.

YValues with all common superscripts within the same column
are not significantly different (p<0.05).
Not significant.
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Table 7. Changes of the liver malondialdehyde contents in
experimental rats fed high fat diet and treated with STZ by

bilberry (nmol MDA/mg protein)
Groupl) MDA
CON 123.02+4.937~9
CBB 119.90+11.35
HFF 145.76 +10.88
HFB 125.04+8.52
STZ 133.05+10.72
SBB 128.83+11.46

DRefer to Table 1. “Mean+SD. *Not significant.
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