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Abstract

We investigated the effect of Protaetia brevitarsis seulensis larvae fermented by Bacillus subtilis (FPb) on the
orotic-acid-induced fatty livers of Sprague-Dawley (SD) rats. FPb was found to reduce SD-rat organ size and serum
triglyceride levels. Conversely, serum lipid levels were elevated to normal levels, which helped to improve the
liver. Total lipid and free fatty acid levels in the serum were lower in the group fed with FPb than in the group
fed with Protaetia brevitarsis seulensis larvae (NPb) and showed an overall improvement in lipid metabolism. In
a similar manner, the FPb group exhibited an HDL-cholesterol content that was similar to the normal group fed
with NPb compared to the group fed only with orotic acid. On the other hand, the group administered with a
high concentration of FPb exhibited intracellular toxicity. Pathological observations of liver tissue also revealed
that hepatic lobular liver cells were uniformly amranged in the group fed with FPb powder, thereby improving
the fatty liver. Protaetia brevitarsis seulensis larvae fermented by Bacillus subtilis improves the non-alcoholic fatty
liver and can be used as an effective health food material for enhancing liver function.
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Table 1. Experimental design

Group Composition
N' Normal
(o Normal + Orotic acid (NO)
NPb” NO + NPb 100 mgkg of b.w,/day
FPb10 NO + FPbl0 mglkg of b.w./day
FPb100 NO + FPb100 mgfkg of b.w./day
FPb200 NO + FPb200 mgfkg of b.w./day
"N, Normal.
3¢, Control.

INPb, Non-fermented, Prosetia brevitarsis seulensis larvae.

YEPb, Protactia brevitarsis seulensis larvae fermented by Racillus subtilis for 3
days.
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Table 2. Compositions of experimental diets
(%)

Ingredients Normal Fatty liver induced by orotic acid”
Casein 200 20.0
Corn starch 15.0 14.0
Corn oil 10.0 10.0
Cellulose 50 50
Mineral mixture” 40 40
Vitamin mixture” 10 1.0
L-Methionine 03 03
Sucrose 45 45
Choline 02 02
Orotic acid - L0
Total 100 100

DAIN 93 M-MX mineral mix, MP biomedicals, Illkirch, France.
JAIN 93 VX vitamin mix, MP biomedicals, Illkirch, France.
Fatty liver induced by orotic acid: Diet for C, NPb and FPb.
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Table 3. Change in body weight gain and water consumption in orotic acid-induced fatty liver model rats

Initial weight (g) Final weight (g) Body weight gain (g) Food intake (g/day) ~ Water consumption (mL/day)
NY 2031354679 246.6316.55" 43.50+11.05° 18.83+2.25° 30.75:11.03"
o 20525+7.52° 241.2512.60° 36.00£15.04° 19.680.37° 3021411.78°
NPb” 204.50£647° 251.00£5.69™ 46.50£8.29" 19.70£0.65" 30.83+12.42°
FPb10 199.67+11.48" 241.83+11.48" 42.17+449° 18.331.72° 29.44+10.87°
FPb100 202.67+3.01° 250.1742.86™ 4750509 19.73+0.37° 37.78£14.51°
FPb200 204.6743.14° 249.17£7.91* 4450£8.41° 18.80£1.22° 30.89+9.44°

DN, Normal; >C, Control; INPb, Non-fermented, Protaetia brevitarsis seulensis larvae; *FPb, Protaetia brevitarsis seulensis larvae fermented by Bacillus subtilis for 3 days.
IValues are meantS.E (n=6).
9Values with different letters are significantly different at p<0.05.

Table 4. Absolute weight of tissues absolute weight in orotic acid-induced fatty liver model rats (g)

Liver Heart Spleen Kindey Testis Perimental fat Pad  Epididymal fat Pad
N 8.600.607 1.04+0.08 0.52+0.11° 2.05+0.09° 291+021° 2.45+0.65° 323+0.65°
@ 11.64+1.74° 1.10£0.12* 0.62:+0.04" 226+0.13" 2.8740.12" 320£025° 3.51+0.85°
NPH? 10.63+1.03* 0.95£0.22° 0.56:0.12° 232+0.07° 2.9540.16" 3.12+038° 3.40+0.51°
FPbY10 11.09+1.36™ 1.03£0.11° 0.57+0.09" 2.2040.07° 2.8140.19" 2.85+0.57 2.80+0.90"
FPb100 11.02+0.76™ 1.0620.08" 0.63+0.07" 2.23+0.04° 29740.15" 2724051 2.58+0.70"
FPb200 10.11+0.80¢ 1.02+0.05° 0.60+0.08" 222+0.11° 2.83+0.10" 2.62+032% 2.78+0.76"

DN, Normal; ”C, Control; NPb, Non-fermented, Protaetia brevitarsis seulensis larvae; “FPb, Protaetia brevitarsis seulensis larvae fermented by Bacillus subtilis for 3 days.
IWalues are meantS.E (n=6).
9Values with different letters are significantly different at p<0.05.

Table 5. Relative weight of tissues relative weight in orotic acid-induced fatty liver model rats (% of terminal body weight)

(%)

Liver Heart Spleen Kindey Testis Perimental fat Pad  Epididymal fat Pad
NY 3.5140.247 0.4240.04° 02120.04° 0.84%0.05° 1.19£0.08* 1.000.27° 13240.28"
(o 4.7320.77° 0.4520.05° 0.25£0.02° 0.920.04° 1.17£0.05* 130:0.13 1.43£0.36"
NPb” 4232041 0.38+0.09" 0.22+0.04" 0.920.04° 1.17+0.07 1242014 1364023
FPb?10 458+0.51" 0.42+0.04° 0230.03 092+0.03" 1.16+0.08* 1.18+0.25® 1.16+0.36"
FPb100 441£0.32% 0.42£0,03° 0.2540.03" 0.890.02° 1.19£0.05° 1.09:0.21% 1.03+0.29"
FPb200 4.05021° 0.4140.03" 0.24+0.04* 0.89+0.03" 1.14+0.07* 1.05£0.13® 1124032

UN, Normal; ”C, Control; NPb, Non-fermented, Protactia brevitarsis seulensis larvae, “FPb, Protaetia brevitarsis seulensis larvae fermented by Racillus subtilis for 3 days.
Walues are meantS.E (n=6).
Values with different letters are significantly different at p<0.05.
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Fig. 1. Effect of P. brevitarsis seulensis larvae fermented by B subtilis on the concentration of triglyceride in liver and serum in orotic
acid-induced fatty liver model rats.

N, Normal; C, Control; NPb, Non-fermented, Protactia brevitarsis seulensis larvae; FPb, Protactia brevitarsis seulensis larvae fermented by Racillus subtilis for 3 days.
Values are meantS.E (n=6). *'Values with different letters are significantly different at p<0.05.

Table 6. Effects of P. brevitarsis sculensis larvae fermented by B subtilis on the concentrations of total cholesterol, HDL cholesterol, LDL
cholesterol, total lipid, free fatty acid and phospholipid in orotic acid-induced fatty liver model rats

Group Total cholesterol (mg/dL) HDL cholesterol (mg/dL) LDL cholesterol (mg/dL) Total lipid (mg/dL)  Free fatty acid (uEq/L) Phospholipid (mg/dL)
NY 75.68+3.267 69.30+3.62° 0.18+0.02° 518.84+64.93" 1066.38+136.57* 148.63+17.23
(o 68.4849.21" 62.77+4.79° 0.37+0.09° 450.61+66.74° 498.38+123.09" 154.00+30.08

NPb? 7248+4.37* 714143 49* 03120,05° 481.87+28.71° 485.67+144.60° 154.1749.54°

FPb?10 79.18+4.68" 75.60£3.16“ 03120,06" 476.90£30.52° 495.00292.68° 165.17£10.94°

FPb100 79.21+4.62° 76.35+8.01¢ 03020.07" 468.33£35.51%° 772.83+139.91° 166.17£22.78"

FPb200 62.9310.64° 61.5149.21° 03040.12° 393.3343541° 753.374175.18° 13333+14.71°

UN, Normal; °C, Control; *NPb, Non-fermented, Prosetia brevitarsis seulensis larvae;

IValues are meantS.E (n=6).
5 Values with different letters are significantly different at p<0.05.

g3 o] HDL-cholesterol®] =& CTol H|3| ZHlo] & AT AE QlsATHI8).

YFPb, Protaetia brevitarsis seulensis larvae fermented by Bacillus subtilis for 3 days.
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Fig. 2. Effect of P. brevitarsis seulensis larvae fermented using B.
subtilis on the hepatic histopathologic changes in orotic
acid-induced fatty liver model rats(magnification x 50). Hepatocyte
staining was carried out with the hematoxylin and eosin staining
method.

subtilis on the histological images of adipocytes in liver in orotic
acid-induced fatty liver model rats (Oil red O stain, x 100).
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