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Abstract

In the present study, it is observed that Monascus diet may have a hepatoprotective effect on the liver damage
induced by bromobenzene in rats. By treatment with bromobenzene (400 mg/kg, i.p.) once a day for 3 consecutive
days, the liver damage was reduced in rats fed 2% Monascus diet, based on the liver functional and histopathological
findings. Furthermore, retreatment of bromobenzene to the animals with damaged liver showed higher decreasing
rate of hepatic glutathione content and increasing rate of cytochrome P450 dependent aniline hydroxylase activity
at 4 h in rats fed 2% Monascus diet than those fed STD diet, and Vmax in glutathione S-transferase was higher
in liver of rats fed 2% Monascus diet than those fed STD diet. On the other hand, activities of antioxidant enzymes
such as hepatic glutathione S—transferase, catalase and superoxide dismutase were generally higher both in
bromobenzene and 2% Monascus diet treated group than those fed STD diet. In conclusion, the rats fed 2% Monascus
diet showed lower liver damage than those fed STD diet, which may be due to the acceleration of bromobenzene

metabolism and detoxication of oxygen free radicals.
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Table 1. Effects of dietary Monascus koji on the liver weight/body weight (LW/BW, %), hepatic content of thiobarbituric
acid reactive substance (TBARS), and serum alanine aminotransferase (ALT) and hepatic glucose-6-phosphatase (G-6-
Pase) activities in bromobenzene-treated rats

Groups Standard 2% Monascus koji 4% Monascus koji
Parameters Control Bromobenzene Control Bromobenzene Control Bromobenzene
LW/BW 2.68+0.06" 357+0.117° 278 £0.08 357+£0.09"" 2.87%10.10 355007
TBARS? ] 2.84%0.11 3.81+0.15"" 297x0.08 341+0.12™ 3.04+0.07 3.60%£0.23™
Serum ALTY 2250+4.43 58800142957 29171865 380.00£61.37"% 3500666 444.00£44 5977
Hepatic G-6-Pase” 3.79%0.31 3.03£0.34 5791049 544+ 052" 5.05+£0.48 3.93+0.37

YEach value represents the mean=SE of 6 rats.

Unit: “nmole MDA/g of liver tissue, *Karmen unit/min/mL of serum, and “nmoles pi/min/mg protein.

Significantly different from each control group. bSignificantly different from standard control group. “Significantly different from
standarc. bromobenzene group.

*p<0.05, **p<0.01, ***p<0.001.
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Fig. 2. Microphotographs of liver tissue in control groups,
H&E stain, X 100.

a) Standard; the tissue structure, hepatic classic lobules, is intact.
b) 2% Monascus koji, ¢) 4% Monascus koji, cytoplasmic degen-
eration (arrow) in hepatocytes contacted with central vein is
shown. C: central vein, P: portal triads.
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Fig. 3. Microphotographs of liver tissue in bromobenzene-
treated groups, H&E stain, X 100.

a) Bromobezene-treated; infiltration of inflammatory cells (arrow)
and vascular-like fibrosis (line arrow) are shown in the central
zone of classic lobule. b) Bromobenzene-treated +2% Monascus
koji; infiltration of inflammatory cell (arrow) is found in the zone
around central vein. ¢) Bromobenzene—treated+4% Monascus
koji; infiltration of inflammatory cells and necrosis of hepatocytes
are shown in the central zone of classic lobule.

C: central vein, P: portal triads.
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Fig. 4. Effects of dietary Monascus koji on the hepatic glu-
tathione (GSH) content, its conjugating enzyme, glutathione
S-transferase (GST) and cytochrome P450 dependent ani-
line hydroxylase (CYPdAH) activities in bromobenzene-
retreated rats.

Significantly different from each control group.

"Significantly different from standard control group.
“Significantly different from standard bromobenzene group.
*p<0.05, * *p<0.01, ***p<0.001.

Unit: "p-aminophenol nmoles/hr/mg protein, “umoles of GSH/g
of tissue, and 3)2,4*dinitrobenzene—glutathione conjugate nmoles/
min/mg rrotein. —: Control, IJ: Bromobenzene-retreated.
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Table 2. Effect of bromobenzene retreatment on the change of Ky, and Vmax value in bromobenzene-pretreated rats fed a

Monascus koji supplemented diet

Groups Standard 2% Monascus koji 4% Monascus koji
Parameters Control Bromobenzene Control Bromobenzene Control Bromobenzene
Kn" 356x10™ 371x10™ 370%10™ 3.41x10™ 345%10™ 3.35x10™
Vinas 661 712 665 850 694 868

Each control group indicates the bromobenzene 3 times pretreated group. Each value represents the mean of 3 experiments.

Unit: l/glutathlone (mM™) and ® nmole/mm/mg protein.
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Table 3. Effect of dietary Monascus koji on the activities of hepatic oxygen free radical metabolizing enzymes in

bromobenzene-treated rats

Groups Standard 2% Monascus koji 4% Monascus koji
Parameters Control Bromobenzene Control Bromobenzene Control Bromobenzene
Generating CYPdAH"  1.16£0.09 358+0.38" 1.46%0.12 2.25+0.24"¢ 1.14+0.10 3.23+0.35™"
systems  XO? 3172022 1.53£0.16™" 3.33%0.18 1.67£0.20"" 358047 1.85+0.16"™
1010 78611295  93.83+570" 90.60+2.48% 1224447347  7071+454  82.32+213"
Scavenging GST? 7367813255 881.06147.04™ 8120512932 882651 19.43 71598+39.80 919.63+£56.85™
systems  CAT® 2485+249  3478+584 3753%3.15°  47.16+3.28 35.71£270" 3617252
GPx® 12.06+1.03  1240%1.11 17.04+152°  14.80%1.35 17.06+1.45"®  12.66+1.28"

Each value represents the mean*SE of 6 rats.

*Significantly different from each control group. "Significantly different from control in standard group. “Significantly different

from standard group treated with bromobenzene.
*p<0.05, **p<0.01, ***p<0.001.
Unit: "

p-aminophenol nmoles/hr/mg protein, “nmoles uric acid/min/mg protein, 2509 inhibition of autoxidation of hematoxylin/min/

mg protein, 4)2,4—dinitrobenzene—glutathion conjugate nmoles/min/mg protein, 9decreased HXO? nmoles/min/mg protein, and “NADPH

oxidized nmoles/min/mg protein.

Abbreviation: CYPdAH, cytochrome P-450 dependent aniline hydroxylase; XO, xanthine oxidase; SOD superoxide dismutase; GTS,
glutathione S-transferase; CAT, catalase; GPx, glutathione peroxidase.
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