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Effects of YK-209 Mulberry Leaves on HMG-CoA Reductase and Lipid
Composition of Liver in Streptozotocin-Induced Diabetic Rats
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Abstract

This study was conducted to investigate the effects of YK-209 mulberry leaves on HMG-CoA reductase activity

and lipid composition of liver in streptozotocin-induced diabetic rats. Sprague-Dawley male rats weighing 100+ 10
g were randomly assigned as a normal group and four STZ-induced diabetic groups according to the level of dietary
mulberry leaves supplement. The experimental diets were fed ad libidum, so that diabetes was experimentally
induced by intravenous injection of STZ 55 mg/kg of body weight after feeding for 3 weeks. Animals were sacrificed
on the 9th day of diabetic states. The levels of serum triglyceride, total-cholesterol and LDL-cholesterol in DM
group were higher than mulberry leaves supplemented groups and normal group, but those of the mulberry leaves
supplemented groups were significantly decreased to normal level. In contrast, the leavels of serum HDL-
cholesterol in DM group was significantly reduced than that of normal group, but mulberry leaves supplemented
groups were increased to normal level. Atherogenic index in DM group was higher about 3 fold than the normal
group but the DM-0.1Y and DM-0.2Y groups were maintained the normal level. Contents of total lipid and triglyceride
of liver in DM group were significantly lower than that of normal group, but the mulberry leaves supplemented
groups increased than that of DM group. The contents of hepatic cholesterol in DM group was 160% higher than
that of normal group, but the mulberry leaves supplementation groups maintained the normal level. The activity
of hepatic 3-hydroxy-3-methylglutaryl Coenzyme A (HMG-CoA) reductase in DM group was 43% lower than
that of normal group, but had no significant difference between DM-0.1Y, DM-0.2Y and normal groups. In conclusion,
YK-209 mulberry leaves has improving effect of the lipid metabolism in STZ-induced diabetic rats through hepatic
HMG-CoA reductase activity, and the change of lipids contents in serum and liver.
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Table 1. Composition of experimental diets (g/kg diet)

Groups Diabetic groupsm
Ingredients DM DM-01Y DM-02Y DM-04Y
Starch” 698 698 697 6% 694
Casein’ 150 150 150 150 150
DL-methionine” 2 2 2 2 2
Mineral mixture” 40 40 40 40 40
Vitamin mixture” 10 10 10 10 10
Com oil” 50 50 50 50 50
Celtulose” 5 50 50 50 50
Mulberry leaves® - - 1 2 4
Total (g) 1000 1000 1000 1000 1000

1)13‘ung Jin Chemical Co. (Seoul, Korea).

PLactic Casein, 30 mesh, New Zealand Dairy Board (Wellington,
N.Z).

¥Sigma Chemical Co. (St. Louis, Missouri, USA).

“Mineral Mix, AIN-76 (g/kg mixture): calcium phosphate, di-
basic (CaHPO; - 2H20) 500, sodium chloride (NaCl) 74, potassium
citrate, monohydrate (KzCsHsO7 - H20) 220, potassium sulfate
(K2S04) 52, magnesium oxide (MgO) 24, manganous carbonate
(45~48% Mn) 3.5, ferric citrate (16~17% Fe) 6, zinc carbonate
(70% ZnO) 1.6, cupric carbonate (53~55% Cu) 0.3, potasium iodate
(KIOs) 0.01, sodium selenite (NaxSeOs; - 5H20) 0.01, chromium
potassium sulfate [CrK($O04): - 12H20] 0.55, filled up to 1,000 with
sucrose, Harlan TEKLAD Co.

PVitamin mixture (g/kg mixture): p-aminobenzoic acid 11.0132,
ascorbic acid, coated (97.5%) 101.6604, biotin 0.0441, vitamin Bz
(0.1% trituration in mannitol) 2.9736, calcium pantothenate 6.6079,
choline dihydrogen citrate 349.6916, folic acid 0.1982, inositol 11.0132,
menadione 4.9559, niacin 9.9119, pyridoxine HCI 2.2026, riboflavin
2.2026, thiamin HCI 2.2026, dry vitamin A palmitate (500,000 U/g)
3.9648, dry vitamin Ds (500,000 U/g) 0.4405, dry vitamin E acetate
(500 U/g) 24.2291, corn starch, Harlan TEKLAD Co.

@Dong Bang Oil Co. (Seoul, Korea).

“Sigma Chemical Co. CMC (sodium carboxy! methyl cellulose,
non-nutritive fiber), (St. Louis, Missouri, USA).

OYK-209 mulberry leaves powder.

DM group: injection of streptozotocin+no supplementation
YK-209 mulberry leaves.

DM-0.1Y group: injection of streptozotocin+0.1% YK-209
mulberry leaves.
DM-0.2Y group: injection of streptozotocin+0.2% YK-209
mulberry leaves.
DM-04Y group: injection of streptozotocin+0.4% YK-209
mulberry leaves.
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A ] AH-8-d *]E"J YK-209 %3/ 9] flavonoid &<
¢+ As}= Table 294 vl YK-209 #9919 7 E5e
rutin -2 4.19 mg/g, iso-quercitrin 2.01 mg/g, kaemp-
ferol-3-O-rutinose 1.63 mg/g, astragalin®} &2 0.36 mg/g
ojgl e % flavonoid 2 8.19 mg/g °lgich

STZE %

Table 2. Quantification of rutin, iso-quercitrin, kaempferol-3-O-rutinose, astragalin and total flavonoid content in YK-209 of

mulberry leaves by HPLC

(mg/g dry weight)

Mulberry leaves Rutin Iso-quercitrin Kaempferol-3-O-rutinose Astragalin Total flavonoid
YK-209 419 2.01 1.63 0.36 8.19
Cheongil 1.80 1.14 2.63 0.31 2.88
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Table 3. Effects of YK-209 mulberry leaves on body weight
gains, food intake and food efficiency ratio (FER) in strep-
tozotocin-induced diabetic rats

Body weight gains Food intake

1 ~yapyd)

Groups (2) (g/day) FER
During 3 weeks before STZ injection
Normal 105+ 14.99% 577+196™  0.19+0.00%
DM 112+262 564+9.18 0.20+0.01
DM-0.1Y 101 +4.75 544+ 16.6 0.19+0.01
DM-0.2Y 107£1.08 522+8.44 0.21%0.01
DM-0.4Y 104+2.06 524+6.42 0.200.01
During 9 days after STZ injection

Normal 246+13.0* 114+3.29° 0.33+0.24°
DM 67.2%5.85 165+ 15.34°  -0.71+0.13"
DM-0.1Y -60.2+4.72° 139+1033°  -049+0.14°
DM-0.2Y -62.1+4.87" 134+930"  -0.46+0.09°
DM-0.4Y -622+7.78 1397106  -0.6410.07°

DM: injection of streptozotocin+ YK-209 mulberry leaves free
diet. DM-0.1Y: injection of streptozotocin+0.196 YK-209 mul-
berry leaves powder. DM-0.2Y: injection of streptozotocin+0.2%
YK-209 mulberry leaves powder. DM-0.4Y: injection of strep-
tozotocin+0.4% YK-209 mulberry leaves powder.

:37All values are mean* SE (n=10).

#Values within a column with different superscripts are signif-
icantly different each groups at p<0.05 by Tukey's test.

YFER: Food effiency ratio.

Intravenous injection of streptozotocin (55 mg/kg of body weight)
in 0.1 M sodium citrate buffer (pH 4.3) via tail vein.
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Fig. 1. Changes in body weight in rat fed different experimen-
tal diets for 3 weeks and 9 days after streptozotocin injection.
Intravenous injection of streptozotocin (55 mg/kg of body weight)
in 0.1 M sodium citrate buffer (pH 4.3) via tail vein.

DM: injection of streptozotocin+YK-209 mulberry leaves free
diet. DM-0.1Y group: injection of streptozotocin+0.1% YK-209
mulberry leaves powder. DM -0.2Y group: injection of strepto-
zotocin+0.2% YK-209 mulberry leaves powder. DM-0.4Y group:
injection of streptozotocin+0.4% YK-209 mulberry leaves powder.
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Table 4. Effects of YK-209 mulberry leaves on serum levels of triglyceride(TG), Total cholesterol, HDL-cholesterol, LDL-

cholesterol and atherogenic index in streptozotocin-induced diabetic rats (mg/dL)
Groups TG Total cholesterol HDL -cholesterol LDL-cholesterol AP
Normal 7121 886" 69.11+4.35° 3551 +0.33° 19.36+0.62° 0.95+0.29°
DM 146.11£8.36° 90.16£2.70" 2539+1.86" 4595+2.35 2.88+021°
DM-0.1Y 67.37+261° 73771282 30.75+3.73" 2455+2.32° 1.24£0.25°
DM-0.2Y 7.9 1216 795713.90° 32.24+1.96° 32.14+3.98 1471011
DM-04Y 117.3 £14.60° 81.29+4.20° 3378+6.48% 35.26+3.38° 1.74+0.11°

YAll values are mean*SE (n=10).

“Values within a column with different superscripts are significantly different at p<0.05 by Tukey’s test.

PAL atherogenic index.
The experimental conditions are same as Table 1.

Total lipid (me/g)
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Fig. 2. Effects of YK-209 mulberry leaves on hepatic total lipid,
triglyceride and cholesterol in streptozotocin-induced diabetic
rats.

All values are mean = SE (n=10). Bars with different letters are
significantly different at p<0.05 by Turkey's test.

The experimental conditions are the same as Table 1.

‘Table 5. Effects of YK-209 mulberry leaves on hepatic 3-
hydroxy-3-methylglutaryl CoA reductase activity in strepto-
zotocin-induced diabetic rats

HMG-CoA reductase

Groups (nmol/mg protein/min)
Normal 1.09+0.12"%

DM 062+0.04° (56.9%)
DM-0.1Y 0.95%0.14% (87.2%)
DM-02Y 1.08+0.24% (99.19)
DM-04Y 0.72£0.10" (66.1%)

'“All values are mean*SE (n=10).

?Values within a column with different superscripts are sig-
nificantly different at p<0.05 by Tukey’s test.

The experimental conditions are same as Table 1.
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