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Abstract

This study investigated the hypoglycemic effects of mulberry leaf (M), green tea (G), and a mixture of mulberry
leaf and green tea (MG) in rats with streptozotocin-induced diabetes. Male Sprague-Dawley rats were divided into
the non-diabetic (N) and diabetic groups. The experimental animals were divided into four groups and fed the
following for four weeks: a normal diet (N), the STZ+normal diet (STZ), the STZ+5% mulbenry leaf (STZ-M),
STZ+5% green tea (STZ-G), and the STZ+5% mixture of mulberry leaf and green tea (STZ-MG). The whole blood
glucose level of the STZ-M, STZ-G and STZ-MG groups significantly decreased compared to the STZ group two
weeks later. The serum glucose and fructosamine, and urine glucose levels in the STZ-M, STZ-G and STZ-MG
groups were lower than in the STZ group. The levels of serum insulin were higher in the STZ-M, STZ-G and
STZ-MG groups than in the STZ group. However, serum glucose, fructosamine and insulin levels, and urine
glucose levels were not significantly different among the STZ-M, STZ-G and STZ-MG groups. These results
indicate that mulberry leaf, green tea, and their mixture help prevent or attenuate the progression of diabetes in

rats with STZ-induced diabetes.
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A A 157d B2t 18 vigAtEe 22 A-8A171 &,
HA S 135~140 g9l AL F el upg} 7t X 9
gulg]¥ 5T o2 o] giAFA ©] A (metabolic cage)ell St
nhE) g Fejste] 4530 ARSIt A Table 17}
o] AATN), Gt Z2T(ST2), 5% 2 B2 A7l 9
T(STZM), 5% 52 B8 "7t Gad(STZ-G), 2.5% 2
7} 25% =xb 23 B A7) G (STZMG) L 2 Urol
AT Aol 242 AIN93S 7]F 22 Table 2
o} o] Aot a, ¥, HAF 9 Wy} 5253 E At
Zro 74z} 2o] BLA| 9] 5% slo] Hrlelsit). Bifrite]
HH © 2 = streptozotocin(STZ, Sigma Co., St. Louis, MO,
USA)Z 0.1 M citrate buffer(pH 4.5)& ol &a)A]A 50
mg/kg body weight §-%(0.5 mL/100 g body weight)°. 2
E R 25 18] FARI ddF oz das 2389
3L, AAATE S%9] 0.1 M citrate buffers A8t B
frie] FR1e STZ FAF 2AIRE & me]g Wl x| x| st
gddafo] 300 mg/dL o]/delH T FuE HEske] A
Holl AFgSIATE AFA 3 25 18127, -2 124]
ZF71(08:00~20:00) 2 A3t o, B2} 2ol Ag
glo] TFATh & =AM FEARS 2T
S48 G299 o] $9& W I gl whek Aagst

Table 1. Experimental design

Groups Diet composition

N Normal rat+basal control diet

STZ DM rats”++basal control diet

STZM DM rats+feed diet containg 5% mulberry leaf powder
STZ-G DM rats+feed diet containg 5% green tea powder

sT7-MG DM rats+eed diet containg 5% mixture of mulberry leaf and green
tea powder

"DM rats, STZ-induced diabetic mettilus rats.
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Table 2. Composition of experimental diet

(gkg)
Experimental group”
Ingredients
N STZ  STZM STZG STZ-MG
Casein 20.0 200 200 200 200
L-cystine 03 03 03 03 0.3
Sucrose 232 232 232 232 232
Corn starch 417486  41.7486  36.7436 36.7486 36.7486
Cellulose 30 30 30 30 3.0
Soybean oil 70 70 70 70 7.0
Choline bitartrate 0.25 025 025 025 025
Mineral Mix” 35 35 35 35 35
Vitamin mix” 10 10 10 10 10
t-Butylhydroquinone 0.0014 00014 00014 00014 00014
Mulberry leaf powder 5 25
Green tea powder 5 25

1)N, normal rat+basal control diet; STZ, DM rats++basal control diet; STZ-M, DM
rats+feed diet containg 5% mulberry leaf powder, STZ-G, DM rats+feed diet containg
5% green tea powder; STZ-MG, DM rats+feed diet containg 5% mixture of mulberry
leaf and green tea powder.

»Based on AIN-93-MX mineral mixture and AIN-93-VX vitamin mixture.
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Table 3. Body weight gain, food intake, food efficiency ratio and water intake of STZ-induced diabetic rats fed the experimental diets

Experimental groups” N STZ STZ-M STZ-G STZ-MG
Initial body wt. (g) 203.88+5.38" 196.00£6.26 196.75+5.66 195.00£5.10 194.00£5.27
Final body wt. (g) 332.13+4.94 241.5045.70° 251.136,03° 247.75+7.18° 2.62+4.10°
Body weight gain (g/day) 458+0.55" 1.62:037 194048 1.88+0.62° 243+039"
Food intake (g/day) 29.49+0.37° 39.22+0.83" 32.49+0,63° 32.67+0.69° 31.84+0,63°
FER? (%) 0.16+0.02" 0.04+0.01° 0.06+0.01° 0.06+0.06° 0.07+0.04°
Water intake (mL/day) 3825:0.59° 151.132.51° 106.8842.97° 109.25:2.74' 101.1343,07°

1)N, normal rat+basal control diet; STZ, DM rats++basal control diet; STZ-M, DM rats+feed diet containg 5% mulberry leaf powder; STZ-G, DM rats+feed diet containg 5%
green tea powder, STZ-MG, DM rats+feed diet containg 5% mixture of mulberry leaf and green tea powder. and green tea powder

=)

“Food efficiency ratio: FER (body weight gain/ food intake).
The results are meantSE of 8 rats per each group.
The results NS: not significantly different among groups.

2 &

Values with different superscripts in the same column are significantly different (p<0.05) between groups by Tukey’s test.

Table 4. Organ weights in STZ-induced diabetic rats fed the experimental diets

(/100 g body wt.)

Experimental groups” N STZ STZ-M STZ-G STZ-MG
Liver 2.99+0.11”" 5.13:0.38° 4342033 4.48+0.40° 4.10033"
Spleen 0.15+001° 0.35+0,03° 022:001° 0244002 021+002"
Kidney 0.68:0.02" 1.280.10° 1.20£0,08° 1.180,09° 1.02£0,07°
Heart 026£0.01° 0.63+0.08" 0.3740.01" 04740.05" 0.3540.02"

PN, normal rat+basal control diet; STZ, DM rats++basal control diet; STZ-M, DM rats+feed diet containg 5% mulberry leaf powder; STZ-G, DM rats+feed diet containg 5%
green tea powder; STZ-MG, DM rats+feed diet containg 5% mixture of mulberry leaf and green tea powder.

The results are meantSE of 8 rats per each group.

MWalues with different superscripts in the same column are significantly different (p<0.05) between groups by Tukey's test.
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H3133)3 vp7h Qitk o]t 715 AEo = Qe ¥,
b gl Bela =323 e A7 9ET(STZ-M, STZ-G,
STZ-MG)E 9] pHe} 2= o] 7= ox] o= A}
F¥h

Table 5. Contents of urine in the rats fed the experimental diets

Experimeptal STZ  STZM  STZMG  STZG
groups
Bilirubin 2 - - - -
(mgfdl) (0~04) (0~04) (0~04) (0~04) (0~04)
Ketones - - - - -
(mgdl)  (0~4) 0~4) 0~4) 0~4) (0~4)
Protein - - - - -
mgdl) (0~29) (0~29)  (0~29 (0~29)  (0~29)
Glucose - 4+ ++ ++ ++
(mg/dL) (0~49) (1500~2000) (376~750) (376 ~750) (376~750)
H 8.0 50 7.0 7.0 7.0
p (71.8~82) (>52) 6.8~72) (6.8~72) (68~72)

1)N, normal rat+basal control diet; STZ, DM rats++basal control diet; STZ-M, DM
rats+eed diet containg 5% mulberry leaf powder; STZ-G, DM rats+eed diet containg
5% green tea powder; STZ-MG, DM rats+eed diet containg 5% mixture of mulberry
leaf and green tea powder.

-, normal (nggative); +, slightly higher than normal, ++, moderately higher than
normal; +++, very higher than noraml; ++++, extremly higher than normal.
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Table 6. Changes in blood glucose of STZ-induced diabetic rats fed the experimental diets

Experimental groups’ N STZ STZM STZG STZ-MG
0 111.00£2.90”" 368.50+9,09" 370.69+5.57" 373.88+2.14° 374.7543.74°
1 132.38+8.77° 374.0042.57" 361.78+11.95" 360.75+2.55" 345.25+6.89"

Weeks 2 153.25+4.80° 383,63+3.74° 356.74+8.96" 346.00:341° 340.006.99"
3 132.131.09° 403.50+9.68" 323.08+191° 339.63£3.95" 329.7545.04°
4 129.382,04° 418.50:2.86" 321.008.99" 329.88+4.63" 313.63£6.76"

N normal rat+basal control diet; STZ, DM rats++basal control diet; STZ-M, DM rats+feed diet containg 5% mulberry leaf powder; STZ-G, DM rats+feed diet containg 5%
green tea powder; STZ-MG, DM rats+feed diet containg 5% mixture of mulberry leaf and green tea powder.

The results are meantSE of 8 rats per each group.

MWalues with different superscripts in the same column are significantly different (p<0.05) between groups by Tukey's test.

Table 7. Serum glucose, insulin levels, fructosamine and HOMA-IR of STZ-induced diabetic rats fed the experimental diets

Experimental groups” N STZ STZ-M STZ-G STZ-MG
Glucose(mg/dL) 137.2549.43" 397.13£22.35° 202.88+23.03" 235.38+25.55" 231.63+20.00°
Insulin(jiU/mL) 7.110.19" 420£0.12° 5.3410.12° 5241021 6.6940.10"
HOMA-IR” 241+0,02° 4,1240.09" 2.67+0.02° 3.05+0.03" 3.83+0.06"
Fructosamine(mg/dL) 156.88+4.66° 319.63+11.92° 275.5046.45" 282.50+4.28" 255.8845.37"

"N, normal rat+basal control diet; STZ, DM rats++basal control diet; STZ-M, DM rats+feed diet containg 5% mulberry leaf powder; STZ-G, DM rats+feed diet containg 5%
green tea powder; STZ-MG, DM rats+feed diet containg 5% mixture of mulberry leaf and green tea powder. green tea powder

HOMA IR : fasting glucose(mg/dL) x fasting insulin (1U/mL)/405
The results are meantSE of 8 rats per each group.

Values with different superscripts in the same column are significantly different (p<0.05) between groups by Tukey’s test.
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Table 8. Activities of ALT, AST and ALP in serum of STZ-induced diabetic rats fed the experimental diets

Experimental groups” N STZ STZM STZG STZ-MG
ALT 26.00+1.56™ 70.13+4.85° 46.88+1.68" 63.00+2.30° 4038+1.13"
AST 106.25+3.82° 158.63£11.67" 136.13+3.49" 140.1243,07" 130.502.66"
ALP 515.00£30.67 1436.38+62.17° 908.13+99.14° 1109.63+93.07" 992.25+106.33"

"N, normal rat+basal control diet; STZ, DM rats++basal control diet; STZ-M, DM rats+feed diet containg 5% mulberry leaf powder; STZ-G, DM rats+feed diet containg 5%
green tea powder; STZ-MG, DM rats+feed diet containg 5% mixture of mulberry leaf and green tea powder.

The results are meantSE of 8 rats per each group.

Walues with different superscripts in the same column are significantly different (p<0.05) between groups by Tukey’s test.

Table 9. Lipid profiles in serum of STZ-induced diabetic rats fed the experimental diets

(mg/dL)
Experimental groups’ N STZ STZM STZG STZ-MG
Triglyceride 136.38+6.38"™ 158.00£7.73 147.25+735 150.38+6.78 156.88+8.00
Total cholesterol 82.63:643" 112.134832 104.75+7.04 94.38+7.00 100.63+8.00
LDL-cholesterol 94.98+4.87° 133.808.32 11952932 111.7546.17 111.68+7.41
HDL-cholesterol 74,63£2.33" 49.63+3.64" 73.38+4.76' 63.5043.36" 71.63+5.67°

"N, normal rat+basal control diet; STZ, DM rats++basal control diet; STZ-M, DM rats+feed diet containg 5% mulberry leaf powder; STZ-G, DM rats+eed diet containg 5%
green tea powder; STZ-MG, DM rats+feed diet containg 5% mixture of mulberry leaf and green tea powderleaf and green tea powder.

The results are meantSE of 8 rats per each group.

MWalues with different superscripts in the same column are significantly different (p<0.05) between groups by Tukey's test.
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Table 10. Contents of triglyceride and total cholesterol in liver
of STZ-induced diabetic rats fed the experimental diets

(mg/g)

Experimental STz STZM  STZG  STZMG
groups

Triglyceride  10.92+087”" 17.89£0.53" 1146+0.64" 13.17:049 12.65:0.88"
Total

8.19+0.58™ 10461040 933027 940031 9.19+0.50
cholesterol

1)N, normal rat+basal control diet; STZ, DM rats++basal control diet; STZ-M, DM
rats+eed diet containg 5% mulberry leaf powder; STZ-G, DM rats+feed diet containg
5% green tea powder; STZ-MG, DM rats+eed diet containg 5% mixture of mulberry
leaf and green tea powder.

“The results are meantSE of 8 rats per each group.

MWalues with different superscripts in the same column are significantly different
(p<0.05) between groups by Tukey’s test.
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