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Anti—obesity and LDL—cholesterol lowering effects of silkworm hemolymph in

C57BL/6N mice fed high fat diet

Nam, You Ree - Ko, Young Eun-Ly, Sun YungT

Department of Food and Nutrition, Chungnam National University, Daejeon 34134, Korea

ABSTRACT

Purpose: Obesity, a worldwide epidemic, is associated with insulin resistance, hyperlipidemia, hypertension, cardiovascular
disease, and certain cancers, Many strategies, including natural alternative anti—obesity agents, are used widely to prevent
obesity, This study examined the effects of silkworm hemolymph on the weight control of C57BL/6N mice fed with a high—fat
diet, Methods: The mice were divided into five groups: normal group (N), high—fat diet group (HFC), high—fat diet and
silkworm hemolymph (at dose of 1 mL/kg BW (HFS—1), 5 mL/kg BW (HFS-5) and 10 mL/kg (HFS—10) for 12 weeks, Results:
After 12 weeks treatment, the administration of silkworm hemolymph decreased the final body weight significantly along with
a decrease in the weights of epididymal fat and total fat. The plasma LDL—cholesterol concentration was significantly lower

in the HFS—1,

HFS-5, and HFS—10 groups than in the HFC group. In addition, the leptin level of the HFS groups was

significantly lower than those of the HFC group without a change in the plasma insulin concentration, Conclusion: These
findings suggest that the silkworm hemolymph may have the potential to prevent obesity,
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Table 1. Composition of experimental diets (%)

Experimental diets"

Ingredient - - -
Normal diet High fat diet

Casein 19.0 23.3
L-cystine 0.3 0.3
Com starch 29.9 8.5
Maltodextrin 3.3 1.7
Sucrose 33.2 20.1
Cellulose 4.7 5.8
Soybean oil 2.4 2.9
Lard 1.9 20.7
Mineral mix” 0.9 1.2
Dicalcium phosphate 1.2 1.5
Calcium carbonate 0.5 0.6
Potassium citrate 1.6 1.9
Vitamin mix? 0.9 1.2
Choline bitartrate 0.2 0.2
Calorie (kcal%) Carbohydrate 70 35

Protein 20 20

Fat 10 45

1) Nomnal diet containing 10 kcal% fat (D12450B, Research Diets.
Inc., NJ, USA); high fat diet containing 45 kcal% fat (D12451,
Research Diefs. Inc., NJ, USA)  2) Mineral mix: Mineral mix S10026
(Research Diets. Inc., NJ, USA)  3) Vitamin mix: Vitamin mix V10001
(Research Diets. Inc., NJ, USA)
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Table 2. Changes in body weight of mice freated with high fat diet and silkworm hemolymph for 12 weeks

Group" 0 week 2 week 4 week 6 week 8 week 10 week 12 week
NC 19.717 + 0.8187 19.833 = 0.677% 21.433 + 0.826° 22,617 + 0.581% 24,083 = 0.882° 24.183 = 1.063° 25.333 =+ 0.763°
HFC 20.717 £ 1.256  22.733 =0.903° 25,500 + 1.664° 28,000 + 2.864° 30.667 + 3.903° 34.100 + 3.978° 37.717 = 3.156°
HFS-1 20,117 £ 1,694 21.767 £2.017° 24,383 = 2.122° 27.217 +2.714° 29,233 + 3.383° 30.250 = 4.930° 33.867 = 4.085°
HFS-5  19.233+1.104 22,050 + 1.480° 24.317 +1.332° 26.967 +2.071° 29.200 = 3.175° 30.350 = 3.028° 33.667 =+ 3.380°
HFS-10  20.103 = 1.335 22.217 + 0.977° 24.883 + 1.850° 27.433 +2.388° 27.950 = 2.170° 30.917 = 2.125° 33.967 + 2,973°
F-value 0.536 4.370™ 14.718" 28.378" 4.466" 7.051" 13.125™

1) NC; normal diet, HFC; 45 kcal% high fat diet, HFS-1;

45 kecal% high fat diet with 1 mL/kg/day silkworm hemolymph, HFS-5; 45 kcal%

high fat diet with 5 mL/kg/day sikworm hemolymph, HFS-10; 45 kcal% high fat diet with 10 mL/kg/day silkworm hemolymph  2) The results

are mean = SD for 6 mice in each group.
Duncan's multiple range test af a = 0.05. 4)

3) Mean values with the different leffer in the same column are significantly different by
*p <0.05 **p<0.01,

***p < 0.001 by one way ANOVA

Table 3. Weight gain and food efficiency ratio (FER) of mice treated with high fat diet and silkworm hemolymph for 12 weeks

Group Weight gain (g/12 weeks) Food intake (g/12 weeks) FER"
NC 5567 * 0.2667% 235,503 = 17.689° 0.023 = 0.003°
HFC 16.883 + 3.267° 231.747 + 31.031° 0.073 +0.013°
HFS-1 13.583 + 3.627° 203.245 + 38.021%° 0.071 + 0.029°
HFS-5 12.633 + 3.672° 172.597 + 40.273° 0.077 + 0.033°
HFS-10 12.850 + 4.607° 236.343 + 48.562° 0.059 =+ 0.032°
F-value 8.753™ 3.457" 4513”7

1) FER, food efficiency ratio {FER=Body weight gain (g/day) / food intake (g/day)}

2) The results are mean = SD for 6 mice in each

group. 3) Mean values with the different lefter in the same column are significantly different by Duncan's multiple range test at a = 0.05.

4) *p <0.05, **p<0.01, ***p <0.001 by one way ANOVA
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Table 6. AST and ALT activities in plasma of mice freated with high
fat diet and silkworm hemolymph for 12 weeks

Group AST (IU/L) ALT (UL
NC 73.833 = 16.952") 26.000 = 4.437°
HFC 73.833 = 14.470° 24.889 + 9,646°
HFS-1 63.250 = 25.361%° 25.778 = 11.720°
HFS-5 42.833 + 20.653%® 14.000 + 2.951°
HFS-10 34.833 + 19.813° 11.833 = 5,054°
F-value 4,959 5.136"

1) The results are mean = SD for 6 mice in each group.  2) Mean
values with the different letters in the same column are significantly
different by Duncan's multiple range test at o = 0.05. 3) *p <
0.05, **p < 0.01, ***p <0.001 by one way ANOVA

3] AST W ALT &4-8 =43t} (Table 6). AST U
ALT 22 Nt} HFC: 7tof| 2jol& HoA| gkgkont
AST®} ALT 48 HFCo] H|3lo] HFS-52} HFS-10<*
ofl Al FefstAl Wekal, HFS-1-0) 4= AST &4o] &4
a}x §ol4o] molx| gtk

2F 212 9] profile Table 70 YeF T &} trigl-
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LI Natol H|sho] x| Ao] 43 F-5olA F2lstAl
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Table 4. Organ weight of mice freated with high fat diet and silkworm hemolymph for 12 weeks

Organ weight (mg/g BW)

Group - -
Liver Kidney Spleen
NC 37.917 = 2,048 10.912 = 0.723° 2,034 = 0.429
HFC 26.408 =+ 2.152° 8.000 = 1.183° 1.733 + 0.328
HFS-1 28.830 + 1.321° 8.929 + 1.220° 2,022 = 0.100
HFS-5 27.856 + 1.811° 8.174 = 1.363° 2.044 = 0.448
HFS-10 28.326 = 3.770° 8.054 + 1.021° 2.507 + 0.667
F-value 22,5239 7.108"" NS

1) The results are mean =+ SD for 6 mice in each group.
different by Duncan's multiple range test af a = 0.05.

2) Mean values with the different letter in the same column are significantly
3) *p <005 **p<0.01, ***p <0.001 by one way ANOVA

Table 5. Adipose tissue mass of mice freated with high fat diet and silkworm hemolymph for 12 weeks

Body fat (g/100g body weight)

Group — -

Epididymal fat Visceral fat Total fat
NC 19.741 = 1.528"%2 7.440 + 1.181° 51.540 + 4.884°
HFC 59.073 = 4.361° 16.147 + 3.599° 165.084 + 13.690°
HFS-1 43.705 = 11.843° 14.984 + 2.951° 137.104 + 34.399°
HFS-5 54.808 = 5.929 13.388 = 3.315° 143.041 = 18.427°
HFS-10 47.388 = 7.907°° 12.949 + 3,250° 136.235 + 27.163°
F-value 271807 7.552"" 23.024™"

1) The results are mean = SD for 6 mice in each group.
different by Duncan's multiple range test af a = 0.05.

2) Mean values with the different letter in the same column are significantly
3) *p <005 **p<0.01, ***p <0.001 by one way ANOVA
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Table 7. Plasma lipid profiles of mice freated with high fat diet and silkworm for 12 weeks

Growp 16" C HDL LDL AP LHRY

(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)

NC 76.433 = 12,8477 82,889 + 5,568°  46.376 + 6.136° 39.071 = 1.829° 0.818 = 0.292 0.853 = 0.091°

HFC 101.189 = 10.261° 162,985 + 28.416°  92.608 = 17.614°  57.934 + 9.551° 0.767 = 0.078 0.629 = 0.031°

HFS-1 08.833 + 19.672° 149,537 +27.388° 92,781 = 12.882°  46.867 = 6.527° 0.610 = 0.167 0.510 = 0.071°

HFS-5 97.049 = 10.172° 144,615 = 16.218° 81278 = 15.879°  45.970 = 5.246% 0.808 =+ 0.194 0.575 =+ 0.066%

HFS-10 92,057 + 15.275%  139.473 + 19.160°  78.025 + 9.614° 47.047 = 4.770° 0.791 = 0.162 0.612 + 0.106°

F-value 2.963" 12,908 12,5707 7.314"" NS 16.953™"

1) TG: triglyceride, TC: total cholesterol, HDL: HDL cholesterol, LDL: LDL-cholesterol
3) LHR (LDL cholesterol / HDL cholesterol ratio) = LDL cholesterol / HDL cholesterol

5) Mean values with the different letters in the same column are significantly different by Duncan's
6) *p < 0.05, **p < 0.01, ***p < 0.001 by one way ANOVA

cholesterol) / HDL cholesterol
+ 8D for 6 mice in each group.
multiple range test af a = 0.05.

Table 8. Plasma insulin and leptin levels of mice treated with high
fat diet and silkworm hemolymph for 12 weeks

Group Leptin (ng/mL) Insulin (ng/mL)
NC 1.012 =+ 0.268" 0.513 + 0.288
HFC 3.103 + 0.194° 0.822 =+ 0.306
HFS-1 2.521 + 0.519° 0.433 + 0.093
HFS-5 2.669 + 0.236° 0.975 + 0.553
HFS-10 2.522 + 0.287° 0.580 + 0.278
F-value 36.547" NS

1) The results are mean = SD for 6 mice in each group. 2) Mean
values with the different letters in the same column are significantly
different by Duncan's multiple range test at a =0.05. 3) *p <
0.05, **p < 0.01, ***p < 0.001 by one way ANOVA
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