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Effects of Mulberry Juice and Cake Powders on Blood Glucose and Lipid Lowering and
Erythrocytic Antioxidative Enzyme Activities in Streptozotocin-Induced Diabetic Rats*

Kwon, Eun-Hye * Jang, Hyun-Seo - Kim, Sang-Woon - Choi, Sang-Won Rhee, Soon-Jae - Cho, Sung-Hee®
Department of Food Science and Nutrition, Catholic University of Daegu, Daegu 712-702, Korea

ABSTRACT

The aim of this study was to investigate the effects of mulberry juice and cake powder on blood glucose and lipid
status along with intestinal disaccharidase and erythrocyte antioxidative enzyme system in streptozotocin (STZ)-
induced diabetic rats. Sprague-Dawley male rats weighing 100 + 10 g were randomly assigned to one normal group,
and eight STZ-induced diabetic groups: control diet group without mulberry juice and cake powders (DM-C), three
mulberry juice powder groups (0.5%: DM-0.5], 1%: DM-1J, 2%: DM-2]) and four mulberry cake powder groups
(0.25%: DM-0.25C, 0.5%: DM-0.5C, 1%: DM-1C, 2%: DM-2C). After three-week feeding of each experimental diet,
diabetes was induced by intravenous injection of 50 mg/kg body weight of STZ in sodium citrate buffer (pH 4.3) via
tail vein of eight DM groups. Rats were sacrificed at the 9th day of diabetic states. Level of blood glucose was 505
mg/dl in DM-C group but it was 28% and 39% lower in mulberry juice and cake powder fed groups, respectively, than
the DM-C group. Activities of maltase, sucrase and lactase in proximal part of small intestine were significantly lower
in the mulberry juice and cake powder groups by 42~47% than those of DM-C group. Erythrocytic superoxide
dismutase, glutathione peroxidase and catalase activities were significantly reduced by STZ but increased close to
normal levels along with less accumulation of thiobarbituric acid reactive substances (TBARS). Serum levels of
triglyceride and total cholesterol and HDL-cholesterol by STZ-DM were reduced and increased respectively, to the
normal levels by the mulberry juice and cake powder. Except the levels of TBARS, the effects on the other measure-
ments by the various dietary levels of mulberry juice and cake powder were almost same and the effect of the cake
powder was most significant at the lowest level. These results indicate that mulberry juice and cake powders have
considerable hypoglycemic effect and strengthening antioxidant defense systems at the low levels in diabetic state and
may be able to reduce diabetic complications. {Korean J Nutr 2007; 40(3): 199~210)

KEY WORDS : mulberry juice and cake, streptozotocin-induced diabetic rat, blood glucose, disaccharidase, antioxidative
system, serum lipid.
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Table 1. Nine experiment groups by diets and diabetes induced by streptozotocin

Groups Normal Control 0.5) 1) 2J 0.25C 0.5C 1C 2C
Diet (g/kg diet)"
Corn starch” 498 698 693 688 678 695.5 693 688 678
Casein” 150 150 150 150 150 150 150 150 150
DL-methionine® 2 2 2 2 2 2 2 2 2
Mineral mix” 40 40 40 40 40 40 40 40 40
Vitarmin mix” 10 10 10 10 10 10 10 10 10
Corn oi” 50 50 50 50 50 50 50 50 50
Cellulose” 50 50 50 50 50 50 50 50 50
Mulberry juice” - - 5 10 20 - - - -
Mulberry cake” - - - - - 2.5 5 10 20
Diabetes (DM)'® - + + + + + + + +

"AIN 76 diet (Ref .19)

?Sam Yang Co., Seoul, Korea

¥Lactic casein, 30 mesh, New Zealand Dairy Board, Welligton, N. Z.

“Sigma Chem. Co., St. Louis, Missouri, U.S.A

Mineral mix, AIN-76 (g/kg mixture): Calcium Phosphate, dibasic (CaHPO.. 2H,0) 500, Sodium chloride (NaCl) 74, Potas-
sium citrate, monohydrate (K;CHsO; . H:O) 220, Potassium sulfate (K.SO.) 52, Magnessium oxide (MgO) 24, Manganous
carbonate (45 — 48% Mn) 3.5, Ferric cifrate (16 — 17% Fe) 6, Zinc carbonate (70% InO) 1.6, Cupric carbonale (53 - 55%
Cu) 0.3, Potassium iodate (KIOs) 0.01, Sodium selenite (Na:SeOs. 5H,O) 0.01, Chromium potassium sulfate [CrK (SO.)».
12H,01 0.55, filled up to 1,000 with sucrose, Harlan TEKLAD Co.

“Vitamin mix, AIN-76A (g/kg mixture): §-amincbenzoic Acid 11.0132, ascorbic acid, coated (97.5%) 101.6604, Biotin
0.0441, Vitamin B, (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 9.2119, Pyridoxine HCI 2.2026, Riboflavin 2.2026, Thiamin HCI
2.2026, Dry Vitamin A Palmitate (500,000 U/g) 3.9648, Dry Vitamin

D3 (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 Chem. Co. CMC (Sodium carboxyl methyl cellulose, non-nutritivefiber), St. Louis, Missouri, U.S.A

“Prepared as described in Materials and Methods

Yinduced after 3 weeks of experimental diets by injection of streptozotocin (50 mg/kg bw) via tail vein and maintained
9 days before sacrifice.
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Table 2. Body weights (BW), BW gains, food intakes and food efficiency ratios (FER) of rats during 3 weeks before and 9 days after
streptozotocin injection

Group Initial BW (g) Final BW (@) BW gains (g) Food intake (g) FERY
During 3 weeks before STZ injection
Normal 2175+ 50% 2880 + 57 70.5 £ 10.7" 1720 + 00" 0.41 = 0.01™
C 223.4+ 49 300.2 = 8.7 768+ 69 1680 = 6.3 0.45 + 0.04
0.54 208.2 * 26.7 302.8 + 20.6 94.6 + 157 1663+ 63 0.63 + 0.15
1 193.7 + 18.3 2953+ 11.0 101.6 = 25.2 1712+ 7.1 0.66 + 0.15
2] 2189 = 23.8 3155+ 17.7 96.6 + 28.0 1798+ 59 0.67 +0.18
0.25C 2178 = 31.2 306.5 = 33.1 88.7 = 120 178.8 = 10.0 0.54 + 0.08
0.5C 216.6 £ 21.6 307.0 £ 10.3 90.4 + 13.6 1838+ 7.5 0.51 + 0.09
1C 2263+ 19.1 3128 £ 17.6 86.5 + 14.1 1758+ 7.2 0.48 = 0.10
2C 207.9 = 189 2978+ 55 89.9 + 14.5 1810+ 8.1 0.53 + 0.11
During 9 days after STZ injection
Normat 2880+ 57 3035+ 0.7° 155+ 6.4° 103.0 + 0.0° 0.15 + 0.0¢°
DM-C 3002+ 87 243.5 + 10.6° —56.7 = 87° 1168+ 0.3° -0.50 + 0.08°
DM-0.5} 302.8 + 20.6 2643+ 9.8° -385+ 29° 103.5 = 17.9% -0.31 + 0.08™
DM-1J 2953+ 11.0 2667 + 83° -28.6 + 15.0° 107.0 + 14.5% -0.25 + 0.03°
DM-2J 3155+ 17.7 273.0 £ 11.4~ -425+ 8.1% 110.7 £19.2® -0.29 + 0.03*
DM-0.25C 306.5 + 33.1 270.8 + 12.2 —35.7 + 24.1% 1258 + 2.4° —-0.28 + 0.14*
DM-0.5C 307.0 £ 10.3 269.8 £ 13.1" —-37.2 + 13.5™ 1215 £ 1.3° -0.32 £ 0.11™
DM-1C 3128+ 17.6 272.3 = 13.9% —40.5 + 30.6™ 1217 = 1.7° -0.29 + 0.23"
DM-2C 2978+ 5.5 259.4 + 11.2% ~38.4 + 14.7* 1240 £ 29° -0.24 £0.13°

VFER = BW gains/food intakes
Al values are mean = SE (n = 10).
Values within a column with different superscripts are significantly different at p <0.05 by Tukey's test and NS represents no significant

difference.

Experimental conditions are the same as Table 1.

Fig. 1. Effects of mulbeny juice and
cake powders on blood glucose
levels in streptozotocin-induced
diabetic rats. All values are mean
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Fig. 3. Effects of mulberry cake
powders on maitase, sucrase and
lactase activities in intestinal mu-
cosa of streptozotocin-induced di-
abetic rats. All values are mean £
SE (n = 10). Bars of proximail, mid-
dle or distal each with different let-
ters are significantly different at p
< 0.05 by Tukey's test and NS re-
presents no significant difference.
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Table 3. Effects of mulberry juice and cake powders on erythro-

cytic thiobarbituric reactive substances (TBARS) values in strepto-
zotocin-induced diabetic rats

Group TBARS (nmol/g Hb)
Normal 76.46 = 5.76°
DM-C 169.92 + 11.19°
DM-0.5] 145.00 + 3.72°
DM-1J 136.73 + 3.29°
DM-2J 125.00 = 5.10°
DM-0.25C 128.34 * 4.53°
DM-0.5C 137.46 * 2.36"
DM-1C 137.56 = 5.46™
DM-2C 136.33 + 492

All values are mean + SE (n = 10).

Values within a column with different superscripts are signifi-
cantly different at p<0.05 by Tukey's test.

The experimental conditions are the same as Table 1.

10% BT o, gel oo} 7iad aa8idol 5
7vsle A&l d, DM-2Jol s A FAAT Fol3ich
T3, orjeke AFA7 FEQ! DM-0.25CE, DM-0.5C,
DM-1C# 9 DM-2CTolle AAael vlal] 22 5~14%
Ao @Ao] yigkon}, DM-Coll ulsle] Z7lah= 73gko)
ek zEu eojul AFHTME 7R v 231 0.25%
AH el F7HEC] 7P & Ao euFTelA e Axte)
23t} GSHpx 42 DM-CTE ARTY 39%+F
o8 Ao, 2uFE AFHAIZ DM-0.5]T, DM-
1J7 @ DM-2JZollA 70~76% =7 Z7yekgdch. 1
2y oo Ml E #2FQl Aol ¢lsich CAT
BT DMCTAM AT 64% 207 7HAHYL
W, euEy eojuke] A7 74~949%9 ROV &
78 B 4 9tk CAT 842 edute] g3} o)
Foll njste] & Zo] EMolglon oOF AT NN E
AF=o| 7 & DM-2]7+8] Ayl & vk et
AT E A 7 @& DM-0.25CFelM 2] &

Table 4. Effects of mulberry juice and cake powders on erythrocyte superoxide dismutase (SOD), glutathione peroxidase (GSH-px)
and catalase (CAT) activities in streptozotocin-induced diabetic rats

Group SOD (unit/min/g Hb) GSH-px («zmol NADPH/min/g Hb) CAT (nmol/min/g Hb)
Normal 122.65 = 2.56° 19.39 + 0.93° 41.26 + 2.47°
DM-C 101.95 + 3.39° 7.59 +0.42° 26.53 = 2.25°
DM-0.5J 110.97 + 1.27° 13.65 = 1.23° 30.82 + 1.67
DM-1J 110.97 + 2.13% 1471 £ 1.35° 30.02 + 1.96
DM-21 119.61 + 3.43°° 14.78 + 1.24° 39.13 = 1.88°
DM-0.25C 116.83 = 1.51° 14.63 + 1.98° 3815+ 1.15°
DM-0.5C 106.36 + 0.06 8.28 + 0.25° 36.56 = 1.46™
DM-1C 111.53 + 493" 7.59 £ 0.65° 35.42 + 1.49%
DM-2C 111.35 = 3.9 8.10 + 0.21° 32,05 + 1.61°

All values are mean + SE (n = 10).

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

The experimental conditions are the same as Table 1.

Table 5. Effects of mulberry juice and cake powders on serum triglyceride, total cholesterol and HDL-cholesterol in streptozotocin-

induced diabetic rats

Group Triglyceride Total cholesterol HDL-cholesterol
(mg/dh
Normal 71.89 + 2.29° 67.53 + 3.25° 39.45 = 2.71°
DM-C 123.15 * 8.39° 111.50 + 10.52° 26.48 + 2.48°
DM-0.5) 100.16 = 9.33° 97.02 + 5.42% 38.68 + 4.13°
DM-1J 92.11 +5.77° 9555 + 0.35° 36.69 +1.26°
DM-2J 90.43 + 7.03° 8988 + 1.35° 37.18 + 5.68°
DM-0.25C 99.68 + 7.52° 97.11 + 11.89% 35.89 + 6.02°
DM-0.5C 97.40 + 8.70° 94.67 = 7.23° 34.15 + 1.60°
DM-1C 95.83 + 4.23° 9284 + 5.67° 37.44 + 5.67°
DM-2C 95.23 + 5.06° 90.31 = 3.76° 37.31 * 4.45°

All values are mean + SE (n = 10).

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

Experimental conditions are the same as Table 1.
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