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Abstract

This study was to investigate the hypolipidemic effect of powdered mulberry leaves (PML) and water extract
of powdered mulberry leaves (WML) on high—fat fed mice. Male C57BL/6 mice were divided into four groups;
a normal group (N), a high-fat (HF) group, a high—fat group supplemented with PML (HF-PML) and a high—fat
group supplemented with WML (HF-WML). The PML or WML was added to a standard diet based on 1%
dried mulberry leaves (1 g PML/100 g diet and 0.22 ¢ WML/100 g diet) for 6 weeks. Body weight and organ
weights were not different among the groups in high-fat fed mice, whereas food intake and daily energy intake
were significantly (p<0.05) lowered in the HF-PML group. In plasma and liver, the supplementation of PML
and WML significantly (p<0.05) lowered cholesterol and triglyceride concentrations compared to the HF group.
The HDL-cholesterol/total cholesterol ratio was significantly (p<0.05) higher in the HF-PML and HF-WML
groups than in the HF group. The fecal triglyceride and cholesterol concentrations were significantly (p<0.05)
increased in the HF-PML and HF-WML groups compared to the HF group. Hepatic lipid regulating enzyme
activities, fatty acid synthase, fatty acid B-oxidation and carnitine palmitoyl transferase were significantly
lower in the HF group than in the N group. However, the activities of these hepatic lipid regulating enzymes
activities were significantly (p<0.05) elevated in the HF-PML and HF-WML groups compared to the HF group.
Accordingly, these results suggest that PML and WML improve plasma and hepatic lipid levels partly by
increasing fecal lipid excretion and enhancing hepatic lipid regulating enzymes activities.
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Table 1. Composition of the experimental diet

(g/100 g diet)
1)
Ingrediens—arows” N

HF HF-PML HF-WML

Casein 20.0 20.0 20.0 20.0
Corn starch 50.0 34.0 33.0 3.78
Sucrose 15.0 15.0 15.0 15.0
Cellulose 5.0 5.0 5.0 50
Corn oil 50 - - -

Beef tallow - 21.0 21.0 21.0
AIN-mineral mixture® 35 35 35 35
AIN-vitamin mixture® 1.0 1.0 1.0 1.0
DL-Methionine 0.3 03 0.3 03
Choline bitartrate 0.2 0.2 0.2 0.2
pPML? - - 1.0 -

WMLY - - - 0.22
kcal/100 g diet 421.07 50897 510.26 510.80
Calorie from fat (%) 10.6 37.1 37.0 37.0

UN: normal diet group, HF: high-fat diet group, HF-PML:
high-fat diet group supplemented with powdered mulberry
leaves, HF-WML: high-fat diet group supplemented with
water extract of powdered mulberry leaves.

“Mineral mixture (g/kg) according to AIN-76,

“Vitamin mixture (g/kg) according to AIN-76.

“Powdered mulberry leaves: 1 g mulberry leaves in 100 g diet
provides 2.94 kcal energy, 467.3 mg carbohydrate, 170.5 mg
proteln 43.9 mg fat and 157.9 mg fiber based on Table 2.
YWater extract of powdered mulberry leaves: 0.22 g water
extract of mulberry leaves in 100 g diet provides 0.67 kcal
energy, 137.8 mg carbohydrate, 31 mg protein, 0.19 mg fat
and 1.69 mg fiber based on Table 2.
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Table 2. Composition and total phenolic contents of PML
and WML

Component PMLY WML?
Energy (kcal/100 g) 294.63 307.93
Carbohydrate (g/100 g) 46.73 62.66
Crude protein (g/100 g) 17.05 14.12
Crude fat (g/100 g) 4.39 0.09
Crude fiber (g/100 g) 15.79 0.77
Crude ash (g/100 g) 11.21 17.70
Total phenolics (mg/g) 11.76 24.72

VpPML: powdered mulberry leaves.
PWML: water extract of powdered mulberry leaves.
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Table 3. Effects of powder and water extract of mulberry leaves on body weight, food intake, energy intake and organ

weights in C57BL/6 mice fed high-fat diet

Group])
N HF HF-PML HF-WML

Body weight (g)

Initial 19.77+0.39% 1976+0.35 19.73+0.32 19.75+0.25

Final 27.47+0.77°Y 31.89+0.47° 31.19£0.65% 30.97£0.66°
Food intake (g/day) 3.55+0.08° 313+0.03° 2.880.04° 3.040.00%
Energy intake (kcal/day) 14.95+0.36™ 15.78+0.20° 14.70£0.41° 1554 0,23
Organ weight (mg/g)

Liver 36.15+1.05" 40.05£0.89% 38.03+£0.81% 4045+1.13°

Epididymal WAT? 31.03+£2.04° 4691 +2.11° 45.83+1.52° 41.79+1.34°

Perirenal WAT 16.69%1.23° 20.81 +0.69° 18.09+1.08% 20.17+0.78"

Kidney 11.91 £0.45% 9.89+0.34° 9.57+0.30° 0.64+0.26

Heart 4.29+0.18° 353+0.10° 3.21+0.06° 3.24+0.07°

1)Groups are the same as in Table 1.
PWAT: white adipose tissue.
IMean=SE (n=8).

“Means in the same row not sharing a common letter are significantly different among groups (p<0.05).
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Fig. 1. Effects of powder and water extract of mulberry
leaves on plasma lipid levels in C57BL/6 mice fed high-fat

diet.

Mean=SE (n=8). Bar with different letters are significantly dif-
ferent among groups (p<0.05).

Groups are the same as in Table 1.

TC: total cholesterol, TG: triglyceride.
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Table 4. Effects of powder and water extract of mulberry leaves on plasma HDL-cholesterol concentration, HTR and hepatic

and fecal lipid levels in C57BL/6 mice fed high-fat diet

Groupl)
N HF HF-PML HF-WML

Plasma HDL-C? (mg/dL) 65.96 351 86,51 £5.15° 93.47+3.73° 85.32+472°

HTR® (%) 53.85+1.34° 47.86+1.74° 55.17 £ 2.85° 56.19+ 1.89°
Liver Triglyceride (mg/g) 29.17+0.93° 37.06+1.25° 31.69+151° 31.3041.42°

Cholesterol (mg/g) 2.51+0.09° 357+0.20° 3.08+0.15° 3.10+0.08°
Feces Triglyceride (mg/g) 22.85+1.65° 90.90+12.05° 133.90+ 13.68° 131.96+ 11,98

Cholesterol (mg/g) 32.92+1.08" 12.66+0.59° 17.40+1.04° 20.33+1.16

})Groups are the same as in Table 1.
JHDL-C: high density lipoprotein-cholesterol.
“Mean =SE (n=8).
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YHTR: (HDL-cholesterol / total cholesterol) x 100.
Means in the same row not sharing a common letter are significantly different among groups (p<0.05).
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Table 5. Effects of powder and water extract of mulberry leaves on hepatic lipid regulating enzyme activities in C57BL/6

mice fed high-fat diet

Group”
N HF HF-PML HF-WML
FAS? (nmol/min/mg protein) 0.64+0.067% 0.40£0.03" 0.53%£0.02* 0.60+0.04
B-Oxidantion (nmol/min/mg protein) 31.27+0.88° 2565+1.17° 30.67+1.18° 32.03+1.37°
CPTY (nmol/min/mg protein) 5.29+0.62° 3.41+0.34° 6.100.69" 7.13+0.68°

}’Groups are the same as in Table 1.
IpAS: fatty acid synthase.
“Mean=SE (n=8).

y YCPT: carnitine palmitoyl transferase.
“Means in the same row not sharing a common letter are significantly different among groups (p<0.05).
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