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Background: We conducted this experimental study to examine whether fermented Angelica 

gigas (FAG) is effective in preventing oxidative stress in an Sprague-Dawley (SD) rat model of 

carbon tetrachloride (CTC)-induced acute hepatic injury (AHI).

Methods: Male SD rats (n=36) were used to establish an animal model of CTC-induced AHI was 

established. They were given an intraperitoneal injection of CTC and then divided into the 6 

experimental groups: NC group (n=6, olive oil), NCDG group (n=6, olive oil with 5% [w/w] AG), 

NFCDG group (n=6, olive oil with 5% [w/w] FAG), CC group (n=6, CTC), CCDG group (n=6, CTC

with 5% [w/w] AG) and CFCDG group (n=6, CTC with 5% [w/w] FAG). Then, we compared serum

alanine aminotransferase (ALT)/aspartate aminotransferase (AST) levels, serum and hepatic lipid 

levels and hepatic levels of thiobarbituric acid-reactive-substances (TBARS) and glutathione.

Results: Our results showed that the FAG was effective in significantly protecting the liver from 

CTC-induced hepatotoxicity and significantly inhibiting CTC-induced accumulation of lipid in the 

liver.

Conclusions: In conclusion, our results indicate that the FAG might be effective in preventing the 

hepatic injury due to oxidative stress in an animal model of CTC-induced hepatotoxicity.

Keywords: Angelica gigas Nakai; Monascus purpureus; fermentation; carbon tetrachloride; 

hepatotoxicity; oxidative stress.

1. Background 

Angelica gigas (AG) Nakai is a traditional oriental herbal medicine; its hematopoietic, analgesic 

and sedative effects have been described in the literature [1, 2]. In addition, its dried root contains 
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many coumarin compounds (e.g., nodakeine, nodakenetin, marmesin, decursin, decursinol, 

decursinol angelate, demethylsuberosin and isoimperatorin). Of these, decursin and decursinol 

angelate are the most abundant constituents [3]. Their biological actions include immunostimulating, 

neuroprotective, antibacterial, antiangiogenic, antitumor or antinociceptive effects [4-9]. Moreover, 

decursinol has also been reported to have biological effects in reducing the occurrence of cancer, 

blocking the synthesis of acetylcholine esterase, improving pain and preventing sepsis [2, 4, 10].

Microbial fermentation process might be useful in developing novel pharmaceutical drug 

candidates. In other words, it is based on microbial metabolic activity rather than cell culture, animal 

experiments or mammalian enzyme system, and is used in the pharmaceutical manufacturing process

for them [11, 12]. Decursin was completely biotransformed to decursinol by Sepedonium chry 

sospermen (ATCC 13378) and Mycobacterium sp. (PYR 1001) [13, 14]. Nodakenin is a coumarin 

compound initially isolated from the root of AG, Notopterygium incisum and Notopterygium forbesii 

[15]. In addition, it is biotransformed to nodakenetin through an aerobic incubation by human 

intestinal flora [16]. Recent studies have reported that its biological actions include anti-platelet, 

aggregation and anodyne activities [17, 18]. 

Monascus-fermented products, particularly including those produced by solid-state fermentation 

of rice and soybean, have been used as health functional foods in many Asian countries for over 

1000 years [19, 20]. Moreover, Monascus sp. have been used to produce commercially-available 

metabolites; these include food colorants, cholesterol-lowering agents, strong free radical 

scavengers, angiotensin I-converting enzyme inhibitors and antibiotics [19, 20]. Furthermore, red 

rice and red ginseng, fermented by Monascus purpureus, have also been shown to prevent hepatic 

steatosis and oxidative stress in animal experimental models [20, 21]. Still, however, little is known 

about hepatoprotective effects of fermented AG on CCl4 (carbon tetrachloride, CTC)-induced acute 

hepatotoxicity and oxidative stress (OS). An animal model of CTC-induced acute hepatic injury 

(AHI) is currently used to screen hepatoprotective drugs [22]. 
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Given the above background, we conducted this experimental study to examine whether FAG is 

effective in preventing OS in an Sprague-Dawley (SD) rat model of CTC-induced AHI.

 

2. Methods

2.1. Preparation of Monascus-fermented AG (FAG)

For the current laboratory procedures, we used AG (Sancheong Institute of Medicinal Herb on 

Foundation, Gyeongsangnam-do, Korea) and M. purpureus (KCCM 12002) (Korean Culture Center 

of Microorganism, Seoul, Korea). In addition, seed culture of KCCM 12002 was prepared by 

inoculating a loopful of spores from a potato dextrose agar (PDA) slant into a 500-mL flask 

containing basal medium (glucose 10%, peptone 5%, KNO3 2%, NH4H2PO4 2%, MgSO4·7H2O 0.5% 

and CaCl2 0.1%). This was followed by the addition of 5% (v/w) AG root powder and the incubation

at 30C at 150 rpm for 72 h. The mixture was fermented at 30C for 12 days. 

2.2. Extraction and assay of AG root powder

The dried root powder of AG and the FAG were weighed (0.5 g) and then extracted four times in 

10 mL methanol at room temperature for 2 h. This was followed by the filtration using filter papers 

(Whatman No. 40) and vacuum-assisted evaporation with the addition of ethanol 10 mL. Then, the 

sample was filtered through a 0.2-μm membrane filter (Nylon, 170 mm; Millipore, Milford, MA). 

This was followed by a high-performance liquid chromatography (HPLC) (1200 Series; Agilent 

Technologies, Santa Clara, CA) using a Waters symmetry C18 column (5 μm, 4.5 mm × 250 mm) 

with a gradient acetonitrile-water solvent system at a wavelength of 328 nm and a flow rate of 1.0 

mL/min as previously described [3]. 

https://preprints.jmir.org/preprint/96375 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Kim et al

2.3. Establishment of an SD rat model of CTC-induced AHI   

Thirty-six male SD rats (n=36) (Hyochang Science Animals Co., Daegu, Korea), weighing 

between 130 and 140 g, were individually housed in a stainless steel cage in an air-conditioned room 

at a controlled temperature of 20-23C under a 12-hour light/12-hour dark cycle. They were allowed 

to have a free access to semi-purified basal diet for 1 week. 

During the final 2 days, 18 of the SD rats (n=18) were given an intraperitoneal injection of CTC 

(Sigma Chemical Co., St. Louis, MO) twice at a dose of 20 μL/kg. Thus, an SD rat model of CTC-

induced AHI was established. Finally, all the SD rats were divided into the following six 

experimental groups:

(1) NC group (n=6): The SD rats which were solely given olive oil

(2) NCDG group (n=6): The SD rats which were given olive oil and 5% (w/w) AG for 4 weeks 

(3) NFCDG group (n=6): The SD rats which were given olive oil and 5% (w/w) FAG for 4 

weeks 

(4) CC group (n=6): The SD rats which were solely treated with CTC

(5) CCDG group (n=6): The SD rats which were 5% (w/w) AG for 4 weeks after the treatment 

with CTC

(6) CFCDG group (n=6): The SD rats which were given 5% (w/w) FAG for 4 weeks after the 

treatment with CTC.

The current experimental study was conducted in accordance with the National Institute of Health 

guidelines on the care and use of laboratory animals. The food and water consumption and weight 

gain were recorded every day and once a week, respectively.

2.4. Histopathologic examinations of the liver 

At the end of the experimental period, the rats were sacrificed by withdrawing blood from the 

abdominal aorta under light diethyl ether anesthesia. The liver was extracted and then fragmented in 
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small pieces. Thus, tissue samples were prepared with 4% paraformaldehyde in 0.1 M phosphate 

buffered saline (PBS, pH 7.4). This was followed by paraffin-embedding and sectioning at a 

thickness of approximately 6 μm for hematoxylin & eosin (H&E) staining as previously described 

[23]. Histopathologic examinations of tissue samples were performed; the results were interpreted at 

the department of anatomy of our institution. 

2.5. Analytical procedure   

Serum samples were collected through the centrifugation of blood at 1,000 × g at 4C for 15 min. 

This was followed by the measurement of serum levels of total lipid, triglyceride, total cholesterol, 

high-density lipoprotein (HDL)-cholesterol, low-density lipoprotein (LDL)-cholesterol, non-

esterified fatty acid (NEFA), alanine aminotransferase (ALT), aspartate aminotransferase (AST) and 

lactate dehydrogenase (LDH) using the Chemiclinical Chemistry Analyzer (Neodin Medical 

Institute, Seoul, Korea). 

Hepatic lipids were collected as previously described [24]. Dried lipid residues were dissolved in 

ethanol 1 mL for triglyceride assay. This was followed by the enzymatic measurement of hepatic 

triglyceride levels based on a modified lipase-glycerol phosphate oxidase method using the 

commercially-available kit (Sigma Chemical Co.) [25]. 

2.6. Determination of lipid peroxidation 

The liver was homogenized in ice-cold 0.25 M sucrose solution containing 10 mM Tris-HCl 

buffer (pH 7.4) and 1 mM ethylenediamine tetraacetate (EDTA) using with IKA-ULTRA-TURRAX 

T25 basic homogenizer (IKA-Werke GmbH & Co. KG, Staufen, Germany). Its subcellular fractions 

were prepared as previously described [26]. Serum lipid peroxidation and hepatic subcellular 

fractions were quantified through thiobarbituric acid-reactive-substances (TBARS) assay as 

previously described [27]. That is, hepatic subcellular fractions were mixed with 8.1% SDS 0.2 mL, 
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20% acetic acid 1.5 mL, 0.8% thiobarbituric acid (TBA) 1.5 mL and distilled water 0.8 mL. Then, 

the mixture was boiled at 95C for 60 min, which was followed by the centrifugation at 1,000 × g for 

10 min. Then, the absorbance of the supernatant was measured at a wavelength of 532 nm. A 0.5-mL

serum sample was mixed with 5% trichloroacetic acid 3 mL and freshly prepared 60 mmol/L TBA 1 

mL. After the mixture was incubated at 80°C for 90 min, it was cooled at room temperature and 

centrifuged at 1,000 × g at 4°C for 15 min. Then, the absorbance of the supernatant was measured at 

a wavelength of 535 nm. This was followed by the quantification of protein contained in the 

homogenates and mitochondrial and microsomal fractions based on the nmol malondialdehyde 

(MDA)/mL serum and nmol MDA/ mg protein or g liver, as previously described [28].

2.7. Determination of glutathione concentrations   

Glutathione (GSH) levels were determined, as previously described [29]. That is, a 0.2-mL liver 

homogenate was mixed with EDTA solution 1.8 mL, the precipitating reagent (metaphosphoric 

acid1.67 g, EDTA disodium salt 0.2 g and sodium chloride 30 g in distilled water 1L) 3.0 mL. Then, 

the mixture was stood at 4°C for 5 min. This was followed by the centrifugation at 3,000  g for 5 

min. Following this, the resulting supernatant was mixed with 0.3 M disodium hydrogen phosphate 

solution 4 mL and 5,5’-dithiobis(2-nitrobenzoic acid) (DTNB) reagent 0.1 mL. This was followed by

the spectrophotometry of glutathione concentrations at a wavelength of 412 nm, as previously 

described, based on mg/g liver or mg/mL serum. 

2.8. Mineral assay  

Serum and hepatic minerals were assayed, as previously described [30]. To measure serum and 

hepatic levels of Zn and Fe, serum sample 1 mL and liver 1 g were ashed in porcelain crucibles at 

500°C for 12 h. The ashed samples were diluted with deionized water and then filtered through filter 

paper (Toyo 2A; Toyo Roshi, Tokyo, Japan) and a 0.45-μm Milex-HA membrane filter (Nihon 
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Millipore Japan, Tokyo, Japan). This was followed by the measurement of serum and hepatic levels 

of Zn and Fe using flame atomic absorption spectrophotometer (AAnalystTM 300, Perkin Elmer, 

Norwalk, CT) at a unit of ppm. 

2.9. Statistical analysis   

All data was expressed as mean±SEM (SEM: standard error of mean), for which one-way analysis

of variance (ANOVA) and the Duncan’s new multiple-range test were performed. A P-value of 

<0.05 was considered statistically significant. 

3. Results

3.1. Coumarin components extracted from AG root powder or the FAG

A total of 6 types of coumarins, such as nodakenin, marmesin, decursinol, demethylsuberosin, 

decursin and decursinol angelate, were isolated from the extracts of AG or the FAG. On HPLC, 

nodakenin, decursin and decursinol angelate were major ingredients of AG root powder or the FAG; 

they were detected at 8.6, 42.8 and 43.2 min of retention time, respectively. In addition, their 

respective concentrations were 5.9, 44.0 and 27.3% in AG root powder and 4.1, 53.7 and 28.2% in 

the FAG. But other types of coumarins than nodakenin, decursin and decursinol angelate were also 

present at relatively low concentrations. Thus, marmesin, decursinol and decursin were present less 

abundantly in AG root powder as compared with the FAG (Table 1) (Figure 1).

Table 1. Constituents of Angelica gigas Nakai and Monascus purpureus-fermented Angelica 
gigas Nakai.
Strain Compounds RT Height (mAU) Area (mAU*s) Area (%)

CDG
Nodakenin (1) 8.63 487.4 3000.3 5.9 
Marmesin (2) 14.45 22.2 209.7 0.4 
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Decursinol (3) 16.10 28.5 321.6 0.6 
Demethylsuberosine (4) 29.46 79.4 917.1 1.8 
Decursin (5) 42.86 1107.3 22470.1 44.0 
Decursinol angelate (6) 43.23 2194.3 13969.2 27.3 

FCDG

Nodakenin (1) 8.57 481.3 3015.0 4.1 
Marmesin (2) 14.37 340.0 3105.0 4.2 
Decursinol (3) 16.00 132.3 1515.3 2.0 
Demethylsuberosine (4) 29.39 118.5 1356.5 1.8 
Decursin (5) 42.64 1536.7 39894.9 53.7 
Decursinol angelate (6) 43.19 2710.9 20933.8 28.2 

Abbreviations: CDG, Angelica gigas Nakai; FCDG, Monascus purpureus-fermented Angelica 
gigas Nakai.

Figure 1. A high-performance chromatography of constituents of Angelica gigas Nakai and 
Monascus purpureus-fermented Angelica gigas Nakai.

Abbreviations: CDG, Angelica gigas Nakai; FCDG, Monascus purpureus-fermented Angelica 
gigas Nakai.

3.2. Serum leptin levels

There was a significant decrease in the final body weight, the amount of food intake and serum 

leptin levels in the NFCDG group (Figure 2). 
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Figure 2. Serum leptin levels.

Abbreviations: NC (n=6, olive oil); NCDG (n=6, olive oil with 5% [w/w] Angelica gigas Nakai); 
NFCDG (n=6, olive oil with 5% [w/w] Monascus purpureus-fermented Angelica gigas Nakai).

Values are mean±SEM (SEM: standard error of mean).
a, bValues with different letters indicate significant differences at P<0.05.

3.3. Serum ALT/AST levels   

There was a significant increase in serum levels of ALT, AST and LDH in the CC group as 

compared with the NC group. In addition, there was a significant decrease in serum levels of ALT, 

AST and LDH by 32.7, 39.3 and 13.7%, respectively, in the CCDG group and by 40.7, 35.3 and 

45.9%, respectively, in the CFCDG group as compared with the CC group (Table 2). 

Table 2. Serum levels of hepatic enzymes.
AST (IU/L) ALT (IU/L) LDH (IU/L)

NC 115.0±8.0ab 36.2±1.9 a 1024.1±365.1b

NCDG 107.6±10.5ab 35.3±2.2 a 811.6±295.5 b

NFCDG 75.5±0.9a 25.0±1.7 a 800.3±198.6b

CC 173.8±40.8b 62.3±10.3 b 3086.3±377.2a

CCDG 120.5±21.4ab 37.8±4.8 a 2663.0±190.6ac

CFCDG 103.8±8.8 b 40.3±6.0 a 1669.0±158.7 bc

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate 
dehydrogenase; NC (n=6, olive oil); NCDG (n=6, olive oil with 5% [w/w] Angelica gigas Nakai); 
NFCDG (n=6, olive oil with 5% [w/w] Monascus purpureus-fermented Angelica gigas Nakai); CC 

https://preprints.jmir.org/preprint/96375 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Kim et al

(n=6, CTC); CCDG (n=6, CTC with 5% [w/w] Angelica gigas Nakai); CFCDG (n=6, CTC with 5% 
[w/w] Monascus purpureus-fermented Angelica gigas Nakai).

Values are mean±SEM (SEM: standard error of mean).
a-cValues with different letters indicate significant differences at P<0.05.

In the NC group, the NCDG group and the NFCDG group, however, there were no significant 

changes in serum levels of ALT and LDH other than those of AST. On the other hand, there was no 

significant increase in serum levels of AST and ALT in the CCDG group and the CFCDG group as 

compared with the CC group. 

3.4. Serum and hepatic lipid levels

There was a significant decrease in serum levels of total lipid, triglyceride, total cholesterol, HDL-

cholesterol and free fatty acids in the CC group as compared with the NC group. In addition, there 

was also a significant decrease in them in the CCDG group and the CCDG group as compared with 

the NCDG group and the NFCDG group (Table 3).

Table 3. Serum lipid levels.
TL 
(mg/dL)

TG (mg/dL)
TC 
(mg/dL)

HDL-C
(mg/dL)

FFA
(nmol/L)

NC 325.5±28.2ab 167.1±19.3ac 106.0±2.8b 33.0±1.57ac 0.83±0.06a

NCDG 362.8±52.6a 203.6±32.9a 102.3±4.1b 43.5±1.34b 0.82±0.05a

NFCDG 293.5±3.7ab 93.67±19.8bc 75.8±3.1ac 44.5±0.3b 0.70±0.00ab

CC 319.2±72.7ab 73.7±22.5b 91.0±6.4bc 27.5±1.9 a 0.67±0.04ab

CCDG 217.7±19.6b 39.3±11.4b 82.5±8.2c 35.2±1.9c 0.63±0.14ab

CFCDG 222.7±19.4b 21.5±3.7b 64.5±4.8a 35.7±3.1c 0.55±0.04b

Abbreviations: TL, total lipid; TG, triglyceride; TC, total cholesterol; HDL-C, high-density 
lipoprotein-cholesterol; FFA, free fatty acid, AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; LDH, lactate dehydrogenase; NC (n=6, olive oil); NCDG (n=6, olive oil with 5% 
[w/w] Angelica gigas Nakai); NFCDG (n=6, olive oil with 5% [w/w] Monascus purpureus-
fermented Angelica gigas Nakai); CC (n=6, CTC); CCDG (n=6, CTC with 5% [w/w] Angelica gigas
Nakai); CFCDG (n=6, CTC with 5% [w/w] Monascus purpureus-fermented Angelica gigas Nakai).

Values are mean±SEM (SEM: standard error of mean).
a-cValues with different letters indicate significant differences at P<0.05.
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There was a significant increase in hepatic triglyceride levels in the CC group. In the CCDG group

and the CFCDG group, however, there was a significant decrease in hepatic triglyceride levels. 

Moreover, there was no significant difference in the degree of decrease in them between the CCDG 

group and the CFCDG group and the NCDG and the NFCDG group. Furthermore, the FAG-

containing antioxidants, such as decursinol angelate, decursin and dihydropyranocoumarin, were 

effective in markedly inhibiting the intrahepatic accumulation of triglyceride (Figure 3).

Figure 3. Hepatic triglyceride levels.

Abbreviations: NC (n=6, olive oil); NCDG (n=6, olive oil with 5% [w/w] Angelica gigas Nakai); 
NFCDG (n=6, olive oil with 5% [w/w] Monascus purpureus-fermented Angelica gigas Nakai); CC 
(n=6, CTC); CCDG (n=6, CTC with 5% [w/w] Angelica gigas Nakai); CFCDG (n=6, CTC with 5% 
[w/w] Monascus purpureus-fermented Angelica gigas Nakai).

Values are mean±SEM (SEM: standard error of mean).
a, bValues with different letters indicate significant differences at P<0.05.
 

3.5. Hepatic concentrations of TBARS and glutathione   

There was a significant increase in the levels of TBARS in the liver homogenate and 

mitochondrial and microsomal fractions in the CC group as compared with the NC group. The levels 

of TBARS in the hepatic mitochondrial fraction were slightly lower in the NFCDG group as 

compared with the NC group and the NCDG group. But there were no significant differences in the 
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levels of TBARS in the hepatic homogenate and microsomal fractions between the NC group, the 

NCDG group and the NFCDG group. On the other hand, the levels of TBARS in the hepatic 

homogenate and microsomal fractions were significantly lower in the CFCDG group as compared 

with the CC group and the CCDG group. In addition, the levels of TBARS in the hepatic microsomal

fraction were slightly lower in the CFCDG group as compared with the CC group and the CCDG 

group. Serum TBARS levels were slightly higher in the CC group as compared with the NC group. 

In addition, they were also significantly lower in the CFCDG group and slightly lower in the CCDG 

group as compared with the CC group (Figure 4).

Figure 4. Concentrations of thiobarbituric acid-reactive-substances in liver homogenate, 
mitochondrial and microsomal fractions and serum.

Abbreviations: TBARS, thiobarbituric acid-reactive-substances; NC (n=6, olive oil); NCDG 
(n=6, olive oil with 5% [w/w] Angelica gigas Nakai); NFCDG (n=6, olive oil with 5% [w/w] 
Monascus purpureus-fermented Angelica gigas Nakai); CC (n=6, CTC); CCDG (n=6, CTC with 5% 
[w/w] Angelica gigas Nakai); CFCDG (n=6, CTC with 5% [w/w] Monascus purpureus-fermented 
Angelica gigas Nakai).

Values are mean±SEM (SEM: standard error of mean).
a, bValues with different letters indicate significant differences at P<0.05.

Serum and hepatic levels of glutathione were significantly lower in the CC group, the CCDG 

group and the CFCDG group as compared with the NC group, the NCDG group and the NFCDG 
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group. In addition, there was a significant increase in serum and hepatic levels of glutathione in the 

CFCDG group as compared with other experimental groups (Figure 5).

Figure 5. Serum and hepatic levels of glutathione.

Abbreviations: NC (n=6, olive oil); NCDG (n=6, olive oil with 5% [w/w] Angelica gigas Nakai); 
NFCDG (n=6, olive oil with 5% [w/w] Monascus purpureus-fermented Angelica gigas Nakai); CC 
(n=6, CTC); CCDG (n=6, CTC with 5% [w/w] Angelica gigas Nakai); CFCDG (n=6, CTC with 5% 
[w/w] Monascus purpureus-fermented Angelica gigas Nakai).

Values are mean±SEM (SEM: standard error of mean).
a, bValues with different letters indicate significant differences at P<0.05.

3.6. Serum levels of minerals

Serum Zn levels were significantly lower in the CC group as compared with the NC group. But the

degree of decrease in them was significantly lower in association with the treatment with the FAG. 

Moreover, serum Zn levels were significantly higher in association with the treatment with the FAG. 

But they were not affected by the treatment with the AG. On the other hand, hepatic Zn levels were 

not affected by the treatment with the AG and the FAG (Table 4). 

Table 4. Serum and hepatic levels of minerals.
Liver Serum

Zn (ppm) Fe (ppm) Zn (ppm)
NC 0.20±0.01NS 0.20±0.04ab 0.02±0.00a

NCDG 0.19±0.01 0.16±0.01a 0.02±0.00 a

NFCDG 0.17±0.00 0.14±0.02ab 0.03±0.01b

CC 0.20±0.01 0.27±0.05b 0.01±0.00c
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CCDG 0.19±0.02 0.18±0.04ab 0.02±0.00a

CFCDG 0.21±0.02 0.14±0.01a 0.02±0.00a

Abbreviations: NS, not significant; NC (n=6, olive oil); NCDG (n=6, olive oil with 5% [w/w] 
Angelica gigas Nakai); NFCDG (n=6, olive oil with 5% [w/w] Monascus purpureus-fermented 
Angelica gigas Nakai); CC (n=6, CTC); CCDG (n=6, CTC with 5% [w/w] Angelica gigas Nakai); 
CFCDG (n=6, CTC with 5% [w/w] Monascus purpureus-fermented Angelica gigas Nakai).

Values are mean±SEM (SEM: standard error of mean).
a-cValues with different letters indicate significant differences at P<0.05.

3.7. Histopathologic examinations of the liver   

The FAG lowered serum levels of ALT, AST, LDH and lipid peroxides and thereby had an effect 

in protecting the liver from CTC-induced hepatotoxicity. In addition, central veins of the liver were 

surrounded by inflammatory cells accompanied by the necrosis of hepatocytes with mild 

degeneration. Furthermore, there was an increase in the number and volume of lipid droplets in the 

hepatocytes. This is accompanied by a significant decrease in the degree of hepatocyte necrosis and 

fat accumulation in the liver depending on the treatment with the AG or the FAG (Figure 6). 

Figure 6. Histopathologic findings of the liver tissue.

Central veins of the liver are surrounded by inflammatory cells, which is accompanied by the 
necrosis of hepatocytes with mild degeneration. In addition, lipid droplets are increased in 
hepatocytes. But there is a decrease in the degree of hepatocyte necrosis and fat accumulation. (H&E
staining, 200).

Abbreviations: NC (n=6, olive oil); NCDG (n=6, olive oil with 5% [w/w] Angelica gigas Nakai); 
NFCDG (n=6, olive oil with 5% [w/w] Monascus purpureus-fermented Angelica gigas Nakai); CC 
(n=6, CTC); CCDG (n=6, CTC with 5% [w/w] Angelica gigas Nakai); CFCDG (n=6, CTC with 5% 
[w/w] Monascus purpureus-fermented Angelica gigas Nakai).
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4. Discussion

Other types of coumarins than nodakenin, decursin and decursinol angelate are known to be 

present at relatively low concentrations in the FAG [3]. This was also seen in the current experiment.

Moreover, we also found that marmesin, decursinol and decursin were present less abundantly in AG

root powder as compared with the FAG. Furthermore, decursin and decursinol angelate were 

coumarins that are present the most abundantly in the AG [3]. 

The current study is the first to examine the effects of AG or the FAG on serum leptin levels in SD

rats with normal diet. Leptin is a type of peptide hormone that is derived from adipocytes; it is 

mainly encoded by the obese gene in the adipose tissue [31]. It is involved in the regulation of body 

weight and the amount of food intake and energy balance [32]. Its serum levels are closely associated

with body fat mass. It is therefore considered a reliable indicator of obesity-related diseases [32, 33]. 

Our results indicate that there might be a correlation between lower serum leptin levels and body fat 

mass. We have previously shown that serum leptin levels were 3.85-fold higher in Otsuka Long-

Evans Tokushima Fatty (OLETF) rats as compared with Long-Evans Tokushima Otsuka (LETO) 

rats [23]. But this is also accompanied by a report that the degree of decrease in elevated serum 

leptin levels was significantly higher in rats with fermented Chaga mushroom as compared with 

those with Chaga mushroom [33].

In experimental studies, CTC is widely used to induce liver damage [34]. It has been previously 

shown that it raised serum levels of ALT, AST, ALP, LDH and γ-GTP to a significant extent in a 

dose- and time-dependent manner [35]. In addition, it is well established that these enzymes are a 

reliable indicator of hepatic dysfunctions. Therefore, several hepatic enzymes are considered 

biochemical markers that are associated with early acute hepatic injury. An animal model of CTC-

induced hepatic injury is commonly used to develop hepatoprotective drugs and functional health 

foods [34, 36]. Thus, our results are in agreement with an animal model of CTC-induced 
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hepatotoxicity showing that waxy brown rice had a hepatoprotective effect when fermented by 

Coprinus cinereus, which is supported by decreased serum levels of ALT, AST, ALP, LDH and γ-

GTP [37]. Of note, however, that waxy brown rice had a lower degree of hepatoprotective effect as 

compared with the FAG. 

Our results are in agreement with previous reports [34, 38]. Taken together, we assume not only 

that there was a decrease in serum levels of triglyceride, total cholesterol and triglyceride-rich 

lipoprotein but also that this led to the intrahepatic accumulation of triglyceride mainly due to 

decreased serum levels of apoB-lipoprotein and microsomal triglyceride transfer protein (MTP) [34, 

38, 39]. 

Our results are also in agreement with a previous report that the fatty liver occurred as a result of 

CTC-induced accumulation of triglyceride in the liver [36]. It can therefore be inferred that the AG 

and the FAG are effective in preventing the intrahepatic accumulation of lipid due to hepatotoxicant 

exposure [36, 37, 40]. It has been reported that Angelica sinensis effectively decreased fat 

accumulation in 3T3-L1 adipocytes in a dose-dependent manner [6, 41]. This is accompanied by a 

published study showing that Angelica sinensis promotes the mRNA expression of ApoA-IV and 

thereby inhibits the synthesis of triglyceride [42]. Taken together, we assume that it may potentially 

have an anti-obesity effect. In addition, decursin and decursinol angelate, isolated from the root of 

Angelica gigantis, inhibited the accumulation of lipid droplets in murine peritoneal macrophages 

[43]. 

To date, CTC has been widely used to induce acute liver injury due to oxidative stress in animal 

models [34]. Serum and hepatic levels of lipid peroxides are determined based on those of TBARS. 

According to Zhu and Fung, there was a significant increase in levels of TBARS in the liver 

homogenate after the treatment with CTC in a dose- and time-dependent manner [44]. This is also 

consistent with our results showing that there was a significant increase in the levels of TBARS in 

https://preprints.jmir.org/preprint/96375 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Kim et al

the liver homogenate and mitochondrial and microsomal fractions in the CC group as compared with

the NC group. 

Flavonoids are traditionally known as an antioxidant with antihepatotoxic effect [45]. Constituents

of traditional herbal plants, such as flavonoids, polyphenolic compounds and coumarins, may 

contribute to protecting against CTC-induced hepatic injury [46]. In addition, decursinol angelate has

an antioxidant effect [6]. Nodakenin is a coumarin compound that is initially isolated from the roots 

of Notopterygium incisum and AG [3, 16]. It has an anti-lipid peroxidative effect [15]. The 

antioxidant effect of decursinol angelate might contribute to the beneficial effects of Monascus-

fermented products [19, 47]. These antioxidants may be synthesized from the solid culture of mold 

such as Aspergillus ap. and Monascus sp. [19]. But the Monascus-fermented FAG has no 

antioxidative effects. In association with this, we have previously shown that the FAG produced by 

M. purpureus contains a considerable amount of antioxidants, such as flavonoids, and thereby had a 

strong antioxidant effect [48]. Taken together, we assume that the FAG containing a large amount of 

antioxidants might be effective against CTC-induced OS. 

It is widely known that GSH is a non-enzymatic antioxidant whose levels are closely associated 

with antioxidant system which is involved in protecting cells from toxic effects of lipid peroxides, 

reactive free radicals and other oxidant species [49]. An earlier study showed a significant decrease 

in hepatic glutathione levels at 1 day of the onset of CTC-induced hepatic injury [46]. These results 

indicate that the FAG has an antioxidant effect. 

Zn is an essential trace element, and its hepatoprotective role is often examined, along with 

glutathione, ascorbic acid and tocopherol, against hepatotoxins, chlorpyifos and bromobenzene [50]. 

CTC is one of the hepatotoxins that have been widely used to induce hepatic fibrosis and cirrhosis 

in animal models. It is also useful in creating an animal model of hepatotoxicity whose 

histopathologic findings are similar to humans [51]. Our histopathologic findings are in agreement 

with a previous report showing that there was an increase in the number and volume of lipid droplets 
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in the hepatocytes with the progression of the fatty liver [39, 46]. Moreover, they are also in 

agreement with an animal study showing that there was a decrease in the occurrence of high-fat diet-

induced hepatic steatosis after the treatment with M. purpureus-fermented rice in rabbits and 

hamsters [52].

To summarize, our results showed that the FAG was effective in significantly protecting the liver 

from CTC-induced hepatotoxicity and significantly inhibiting CTC-induced accumulation of lipid in 

the liver.

 In conclusion, our results indicate that the FAG might be effective in preventing the hepatic injury 

due to oxidative stress in an animal model of CTC-induced hepatotoxicity.
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