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Abstract

Background: This experimental study evaluate the effects of Monascus purpureus-fermented 

Angelica gigas (A. gigas) Nakai (FAG) against body weight gain and visceral fat accumulation, for 
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which we analyzed biochemical markers of obesity and the mRNA expression levels of various 

genes involved in adipogenesis in a rat model of high-fat diet (HFD)-induced obesity. We also 

performed an in vitro analysis of the effects of nodakenin isolated from A. gigas on the 

differentiation of 3T3-L1 pre-adipocytes. 

Materials and methods: Male Sprague-Dawley (SD) rats were randomly divided into five groups 

(n=6 per group) according to types of diet: high-fat diet (HFD), HFD+2.5% (w/w) AG, HFD+5% 

AG, HFD+2.5% FAG and HFD+5% FAG. Then, the effects of nodakenin on the degree of fat 

accumulation in 3T3-L1 pre-adipocytes were evaluated. 

Results: After the treatment with the FAG, there was an effect in reducing the body weight gain, 

visceral fat accumulation and hepatic and serum levels of lipid and leptin. Moreover, there was also a

significant decrease in the mRNA expression levels of adipose tissue genes encoding adipocyte 

protein 2 (aP2), peroxisome proliferator-activated receptor gamma 2 (PPAR γ2) and 

CCAT/enhancer-binding protein alpha (C/EBP α). Furthermore, nodakenin reduced the fat 

accumulation in differentiated 3T3-L1 adipocytes in a dose-dependent manner. 

Conclusions: Monascus purpureus-FAG Nakai ameliorates the HFD-induced obesity; this might 

arise from its effects in modulating the expressions of multiple genes involved in adipogenesis in the 

visceral fat tissue of rats. It can therefore be concluded that the FAG might be an ideal candidate to 

treat the HFD-induced obesity.

Key words: Angelica gigas Nakai, Monascus purpureus, anti-obesity, visceral fat, leptin, 3T3-L1 

adipocytes.

1. Introduction
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Obesity is defined as excessive accumulation of visceral fat in the body, it is considered one of 

risk factors of developing lifestyle diseases (LSD), such as hypertension, hyperlipidemia, diabetes 

mellitus, cardiovascular disease, cancer or mental disorders (Kannel et al., 1996). To date, substantial

efforts have been made to identify anti-obesity herbal medicines with minimal side effects (Kishino 

et al., 2006). Moreover, there have also been other efforts to examine their anti-obesity effects based 

on the assumption that functional food ingredients might be effective in reducing the visceral fat 

mass (Saito et al., 2005). Animal studies have shown that traditional herbal medicines, such as 

Panax ginseng, Zingiber officinale Roscoe or Platycodi radix, are effective against high-fat diet 

(HFD)-induced obesity (Attele et al., 2002; Han et al., 2000). In addition, clinical studies have also 

been conducted to examine the anti-obesity efficacy of Garcinia cambogia (Heymsfield et al., 1998).

To date, Angelica gigas (A. gigas) Nakai has been traditionally used as an oriental herbal medicine

in Asian countries and it has recently become commercially available as a functional food for 

women’s health in the United State and Europe (Sarker and Nahar, 2004). The dried root of A. gigas 

contains coumarin derivatives, such as nodakenin, nodakenetin, marmesin, decursin, decursinol, 

decursinol angelate, demethylsuberosin or umbelliferone (Ahn et al., 2007). Of these, decursin and 

decursinol angelate, both of which are present most abundantly in the dried root of A. gigas, have 

immunostimulatory, neuroprotective, anti-bacterial, anti-angiogenic, anti-tumor (17) or anti-

nociceptive effects (Han et al., 1998; Jung et al., 2009; Choi et al., 2003). Moreover, it has been 

suggested that other constituents have a variety of biological effects; these include anti-tumor effect 

(decursinol), inhibitory, analgesic and anti-septic ones (acetylcholine esterase) and anti-platelet and 

anodyne ones (nodakenin) (Han et al., 1998; Kang et al., 2001; Kim et al., 2007).      

On the other hand, Angelica sinesis (A. sinensis), another Angelica species, has been reported to 

inhibit fat accumulation in 3T3-L1 adipocytes in a dose-dependent manner (Lee et al., 2010). In 

addition, both decursin and decursinol angelate, isolated from the root of A. gigantis, had an 

inhibitory effect on the accumulation of lipid droplet in mouse peritoneal macrophages (Ohshiro et 
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al., 2006). It can therefore be inferred that Angelica species might have an anti-obesity effect; they 

stimulate ApoA-IV transcription and reduce triglyceride formation. 

The structure of bioactive substances may alter during the fermentation process; this may lead to 

the formation of novel polyphenols, flavonoids or and coumarins. Thus, their biological functions 

may be strengthened (Izumi et al., 2009; Pyo and Lee, 2007). For example, 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 biological drug 

candidates (Huang et al., 2008; Venisetty and Ciddi, 2003). Moreover, microbial fermentation 

process has also been applied to the production of traditional health foods in Asian countries for 

more than 1,000 years; these include rice or soybean fermented by genus Monascus. Recently, such 

health foods have become commercially available in the United States (Pyo and Lee, 2007; Wang 

and Lin, 2007). It has been reported that they play a variety of biological roles, such as protective 

effects against liver damage due to excessive alcohol consumption as well as anti-oxidative ones, 

inhibitory ones against the synthesis of angiotensin I-converting enzyme and antibiotic ones (Pyo 

and Lee, 2007; Wang and Lin, 2007). Moreover, as mentioned above, both decursin and decursinol 

angelate have an inhibitory effect against the accumulation of lipid droplets in macrophages; the 

former can be completely bio-transformed to the latter by Sepedonium chrysospermen (ATCC 

13378) and Mycobacterium sp. (PYR 1001) (Koyama et al., 2008; Kim et al., 2010). Furthermore, 

nodakenin is biotransformed to nodakenetin in normal intestinal flora in humans under aerobic 

incubation (Zhang and Yang, 2009). Still, however, little is known about the anti-obesity effects of 

FAG on HFD-induced obesity. 

Given the above background, based on previous reports that rodents share the same 

pathophysiology of visceral obesity with humans, we conducted this experimental study to examine 

the anti-obesity effects of FAG in a Sprague-Dawley (SD) model of HFD-induced obesity (Hansen et

al., 1997; Katagiri et al., 2007). 
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2. Materials and methods

2.1. Preparation of FAG 

We incubated seed culture of M. purpureus (KCCM 12002, Korean Culture Center of 

Microorganism, Seoul, Korea) in PD medium at 30oC for 72 hours at 150 rpm and added the root 

powder of A. gigas (Sancheong Institute of Medicinal Herb on Foundation, Gyeongsangnam-do, 

Korea) to the culture mixture solution (5% v/w). This was accompanied by the fermentation process 

for 12 days at 30oC. 

2.2. Nodakenin isolation from A. gigas

We extracted A. gigas and FAG powders using methanol. This was followed by the high-

performance liquid chromatography (HPLC) using a reversed-phase C18 column (5 μm, 4.5 mm × 

250 mm) and a gradient acetonitrile-water solvent system at a flow rate of 1.0 mL/min. Then, 

nodakenin was analyzed using a diode array detector (DAD) (UV 210) at 330 nm, where there was 

excellent linearity (r2=0.9992) within the range of 15.625-1000 μg/mL. Compositions of the diet are 

summarized in Table 1.

Table 1. Compositions (%) of the diets.

HFD
HFD+AG (%) HFD+FAG (%)
2.5 5.0 2.5 5.0

Casein 20.0 20.0 20.0 20.0 20.0
Cornstarch 34.0 31.5 29.0 31.5 29.0
Sucrose 15.0 15.0 15.0 15.0 15.0
Cellulose 5.0 5.0 5.0 5.0 5.0
Corn oil 3.0 3.0 3.0 3.0 3.0
Lard 18.0 18.0 18.0 18.0 18.0
Mineral mixture 3.5 3.5 3.5 3.5 3.5
Vitamin mixture 1.0 1.0 1.0 1.0 1.0
Choline bitartrate 0.2 0.2 0.2 0.2 0.2
DL-Methionine 0.3 0.3 0.3 0.3 0.3
AG1) 0 2.5 5.0 0 0
FAG2) 0 0 0 2.5 5.0
Total (%) 100 100 100 100 100
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Energy (kcal/100 g) 465 465 465 465 465
Calories from fat (%) 40.6 40.6 40.6 40.6 40.6

         Abbreviations: HFD, high-fat diet; AG, Angelica gigas Nakai; FAG, fermented Angelica gigas 
Nakai.
         1)HFD+AG, Angelica gigas Nakai root powder;
         2)HFD+FAG, fermented Angelica gigas Nakai with Monascus purpureus. 

2.3. Cell culture and Oil-Red O staining

We cultured 3T3-L1 pre-adipocytes (the American Type Culture Collection, Manassas, VA) in 

Dulbecco’s modified Eagle’s medium (DMEM) (Sigma-Aldrich, St. Louis, MO) containing 10% 

fetal bovine serum (FBS) until confluence. Then, we induced the differentiation of pre-adipocytes in 

DMEM supplemented with 10% FBS, 0.5 mM 3-isobutyl-1-methylxanthine-IBMX (Sigma-Aldrich),

0.25 mM dexamethasone (Sigma-Aldrich) and 10 μg/mL insulin for 2 days (4 days). Cells were then 

maintained in DMEM supplemented with 5 μg/mL insulin (and 10% FBS) for another 2 days and in 

DMEM supplemented with 10% FBS for additional 4 days (8 days) (Shin et al., 2010). Thus, cells 

were treated with nodakenin during the whole differentiation process (0-8 days). Nodakenin was 

dissolved in dimethyl sulfoxide (DMSO) at varying concentrations of 10, 20 and 40 μg/mL and then 

filtered using a 0.45-μm Milex-HA membrane filter (Nihon Millipore Japan, Tokyo, Japan). All 

media contained 100 IU/mL penicillin and 100 μg/mL streptomycin. Cells were maintained at 37°C 

in a humidified atmosphere of 95% air/5% CO2. On day 8, differentiated 3T3-L1 pre-adipocytes 

were fixed in 10% formalin at room temperature for an hour and then stained with 3 mg/mL Oil-

Red-O (Sigma-Aldrich) in 60% isopropanol for 2 hours after washing with double distilled water. 

3T3-L1 pre-adipocytes were eluted with 100% isopropanol for an hour and then observed using a 

light microscope (Olympus, Japan). The absorbance at an optical density of 510 nm was measured 

using a spectrophotometer (VersaMax, Molecular Devices, Sunnyvale, CA). 

2.4. Animals and experimental design  

Thirty male Sprague-Dawley (SD) rats (n=30) (Hyochang Science Animals Co., Daegu, Korea) 

were housed individually in stainless steel cages in an air-conditioned room with controlled 
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temperature (20-23oC) and automatic lighting (altering 12 h periods of light and dark). They were 

allowed free access to a semi-purified basal diet for a week and then were randomly divided into the 

five experimental groups:

(1) The HFD group (n=6): The SD rats receiving HFD

(2) The HFD+2.5% (w/w) AG group (n=6): The SD rats receiving HFD with 2.5% AG

(3) The HFD+5% AG group (n=6): The SD rats receiving HFD with 5% AG

(4) The HFD+2.5% FAG group (n=6): The SD rats receiving HFD with 2.5% FAG

(5) The HFD+5% FAG group (n=6): The SD rats receiving HFD with 5% FAG.

In these SD rats, food intake and water consumption were recorded daily and body weights were 

measured weekly. Animal care followed the National Institute of Health guidelines on the care and 

use of laboratory animals. The energy values for each diet were calculated from the macronutrient 

composition using values of 4 kcal/g, 4 kcal/g and 9 kcal/g for carbohydrate, protein and fat, 

respectively. The rats were maintained on their respective diets for 4 weeks.

2.5. Serum biochemistry   

At the end of the experiment, the rats were sacrificed by withdrawing blood from the abdominal 

aorta under light ether anesthesia after a 12-hour fasting period. Serum samples were collected by 

centrifuging the blood at 1,000 × g at 4oC for 15 min. This was followed by the measurement of total

lipid, triglyceride (TG), total cholesterol (TC), low-density lipoprotein-cholesterol (LDL-C), high-

density lipoprotein-cholesterol (HDL-C), non-esterified fatty acid (NEFA) and leptin. Moreover, 

blood was collected from the inferior vena cava into a heparin-coated tube. This was followed by the 

measurement of blood cell counts.

In each rat, the liver was extracted and weighed for lipid measurement and histopathologic 

examination. Hepatic lipids were collected as previously described (Folch et al., 1957). The dried 

lipid residues were dissolved in a 1 mL of ethanol for the TG assay. Hepatic TG levels were 
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measured using a commercially-available kit based on a modification of the lipase-glycerol 

phosphate oxidase method (GPO-Trinder, Sigma-Aldrich) (McGowan et al. 1983). 

2.6. The measurement of the wet weight of white adipose tissue (WAT)

In each rat, the fat pads were extracted for the measurement of the wet weight of epididymal 

WAT, perirenal WAT, intraperitoneal WAT and interscapular brown adipose tissue (BAT). 

2.7. Real-time reverse transcription-polymerase chain reaction (RT-PCR)

In each rat, total RNA was extracted from the adipose tissue using Trizol (Invitrogen, Carlsbad, 

CA). This was followed by the RT-PCR using a Superscript II kit (Invitrogen) according to the 

manufacturer’s protocol. The GenBank accession numbers of the relevant templates and the forward 

(F) and reverse (R) primer sequences are shown in Table 2. 

Table 2. Primer sequences and real-time polymerase chain reaction conditions.
GenBank

No.
Gene Primers Primer Sequence

(5’→3’)
PCR size

(bp)
Annealing

temperature 
(C)

NM-
011146

Peroxisome 
proliferator activated 
receptor gamma 
(PPARγ2)

F
R

tgagtgccgagtctgtgggg
cttggctttggtcagcggga

370 60

NM-
007678

CCAAT/enhancer-
binding protein, alpha 
(C/EBPα)

F
R

agccccccgcacgcgcccag
cctgccgtccaggtagc

caa
360 60

NM-
024406

Adipocyte protein 2 
(aP2)

F
R

caccatccggtcagagagta
cacattccaccaccagcttg

206 60

The resulting cDNA was amplified by the PCR with specific C/EBP primers (360 bp), 5’-

AGCCCCCCGCACGCGCCCAG-3’ (sense) and 5’-CCTGCCGTCCAGGTAGCCAA-3’ (antisense);

PPAR2 (370 bp), 5’-TGAGTGCCGAGTCTGTGGGG-3’ (sense) and 5’-

CTTGGCTTTGGTCAGCGGGA-3’ (antisense); aP2 (206 bp), 5’-CACCATCCGGTCAGAGAGTA-

3’ (sense) and 5’-CACATTCCACCACCAGCTTG-3’ (antisense). 

Primers were also designed to amplify the 500-bp cDNA fragment encoding glyceraldehyde 3-
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phosphate dehydrogenase (GAPDH) (500 bp), 5’-GCCAAGGTCATCCATGACAAC-3’ (sense) and 

5’-GTCCACCACCCTGTTGCTGTA-3’ (antisense) as an internal control. 

The RT-PCR was performed in a 20 μL of reaction mixture (2 μL of cDNA, 16 μL of SYBR green

PCR master mix, which included 2 μL of 1ⅹLightCycler, 2.4 μL of 1.5 mmol/L MgCl2, 11.6 μL of 

H2O and 1 μL of 0.5 mmol/L of a specific gene primer pair) in a LightCycler instrument (Roche 

Diagnostics, Indianapolis, IN). The PCR program was initiated by 10 min at 95oC, before 40 thermal 

cycles, each of 10 s at 95 oC, 5 s at 55oC and 30 s at 70oC. PCR products were analyzed by 1.5% 

agarose gel electrophoresis and visualized with ethidium bromide. The intensity of the bands 

obtained from the RT-PCR product was estimated with a Scion Image Instrument (Scion Corp, 

Frederick, MD). The data were analyzed by using the comparative cycle threshold method and were 

normalized by the GAPDH expression. Melting curves for each PCR reaction were generated to 

ensure the purity of the amplification product.

2.8. Histopathologic examination of the liver samples   

Liver was carefully removed and cut into small fragments. For histopathologic examinations, the 

liver samples were fixed using 4% paraformaldehyde in 0.1 M phosphate buffered saline (PBS, 

pH=7.4). Then, the samples were embedded in paraffin and then sliced at an approximate thickness 

of 6 μm. This was followed by hematoxylin & eosin staining. The samples were examined using a 

light microscope. 

2.9. Statistical analysis   

All data was expressed as mean±standard error of the mean, for which we performed one-way 

analysis of variance (ANOVA) and Duncan’s new multiple-range test. A P-value of <0.05 was 

considered statistically significant. 
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3. Results

3.1. Nodakenin isolation

Nodakenin was isolated and purified from the root of A. gigas through extraction and several 

column chromatography (Figure 1) and purified compound was identified by comparison of 

published ones (Sarkhail, 2014; Sasidharan et al., 2011). The nodakenin concentrations from the 

dried root of A. gigas and FAG powder were 1.048 and 1.077 g/100 g, respectively. 

Figure 1. Chemical structure and chromatography of nodakenin.

(A) and the high-performance liquid chormatography (HPLC) of standard solution mixture (B) 
and coumarins identified in the root of Angelica gigas (C) and fermented Angelica gigas (D). 
Nodakenin (1), peucedanone (2), marmesin (3), decursinol (4), 7-hydroxy-6-(2R-hydroxy-3-
methylbut-3-enyl)coumarin (5), demethylsuberosin (6), decursin (7) and decursinol angelate (8). 

3.2. Fat accumulation in differentiated 3T3-L1 adipocytes

Adipogenesis of 3T3-L1 pre-adipocyte is often used in anti-obesity treatment. Adipocyte 

differentiation was induced in 3T3-L1 pre-adipocytes by treatment with the mixture of 

dexamethasone, 3-iso-butyl-1-methylxanthine and insulin (Figure 2). In the current study, we found 
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that nodakenin isolated from A. gigas reduced fat accumulation in differentiated 3T3-L1 cells in a 

dose-dependent manner as compared with positive control cells. In addition, quantification of Oil-

red-O in the cells confirmed that nodakenin showed potent inhibitory activity on adipocyte 

differentiation at a concentration of 40 μg/mL (Figure 2). These findings suggest that nodakenin 

may possess a potential anti-obesity effect. 

Figure 2. Effects of nodakenin isolated from A. gigas on the differentiation of 3T3-L1 pre-

adipocytes.

Adipocyte differentiation was induced in 3T3-L1 pre-adipocytes by treatment with the mixture of 

dexamethasone, 3-iso-butyl-1-methylxanthine and insulin. In the current experiment, nodakenin 

isolated from A. gigas reduced fat accumulation in differentiated 3T3-L1 cells in a dose-dependent 

manner as compared with positive control cells. In addition, quantification of Oil-red-O in the cells 

confirmed that nodakenin showed potent inhibitory activity on adipocyte differentiation at a 

concentration of 40 μg/mL.
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3.3. Food intake, water consumption and body weight   

Initially, there were no significant differences in the initial body weight, food intake and water 

consumption between the experimental groups (Table 3). 

Table 3. Body weight, food intake and water consumption in the experimental animals.
HFD HFD+AG (%) HFD+FAG (%)

2.5 5.0 2.5 5.0
Initial body weight (g) 82.00±1.23NS 83.33±2.35 83.00±1.76 82.33±2.89 83.00±2.29
Final body weight (g) 482.78±8.68a 436.39±15.23b 409.11±16.77bc 404.24±4.47bc 393.61±7.81c

Body weight gain (g/4 weeks) 400.78±7.91a 353.06±16.36b 326.11±15.69bc 321.90±6.48bc 310.61±8.08c

Food intake (g/day) 20.00±0.44NS 20.33±0.81 18.49±0.72 19.75±0.53 19.32±0.17
Water consumption (mL/day) 27.57±1.67NS 30.33±1.61 30.57±0.57 31.67±1.15 29.33±1.31
Energy intake (kcal/day) 102.76±2.26a 103.75±4.07a 92.21±4.94b 100.66±2.41ab 99.73±1.71ab

Food efficiency ratio (%) 0.33±0.0a 0.29±0.01bc 0.30±0.01b 0.27±0.01bc 0.25±0.01c

Abbreviations: HFD, high-fat diet; AG, Angelica gigas Nakai; FAG, fermented Angelica gigas 
Nakai.
HFD+AG, Angelica gigas Nakai root powder;
HFD+FAG, fermented Angelica gigas Nakai with Monascus purpureus. 
Different letters indicate values that are significantly different from each other (P<0.05).

Finally, the body weight was significantly lower in the 2.5% AG group and the 5% AG group 

(9.6% and 15.3%, respectively) as compared with the HFD group. Moreover, it was also 

significantly lower in the 2.5% FAG group and the 5% FAG group (16.3% and 18.5%, respectively) 

as compared with the HFD group. Furthermore, there was also a decrease in the body weight in a 

dose-dependent manner in the 2.5% FAG group and the 5% FAG group. The degree of weight 

reduction was higher in the 5% AG group and the 5% FAG group as compared with the 2.5% AG 

and 2.5% FAG group (Figure 3). 

Figure 3. The length and width of the body.
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Abbreviations: HFD, high-fat diet; CA2.5, HFD+2.5% (w/w) AG; CA5, HFD+5% (w/w) AG; 

CFA2.5, HFD+2.5% (w/w) FAG; CFA5, HFD+5% (w/w) FAG.

Different letters indicate values that are significantly different from each other (P<0.05).

On autopsy, there was the accumulation of subcutaneous and omental fat. But there was a 

significant decrease in it as compared with the HFD group (Figure 4). Moreover, there was a 

significant decrease in the length and width of body in the FAG group as compared with the HFD 

group. This is accompanied by a significant slight decrease in the energy intake and the food 

efficiency ratio in the FAG group as compared with the HFD group. 

3.4. The wet weight of WAT  

There was a significant decrease in the wet weight of perirenal WAT, epididymal WAT and 

retroperitoneal WAT by 47.8%, 36.9% and 57.8% in the 5% FAG group as compared with the HFD 

group (Table 4). But there was no significant difference in the wet weight of interscapular BAT 
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between the FAG group and the HFD group. There was a significant decrease in the total weight of 

WAT by 46.0% in the 5% FAG group as compared with the HFD group. 

Table 4. The relative weight of the white adipose tissue (WAT).

HFD
HFD+AG (%) HFD+FAG (%)
2.5 5.0 2.5 5.0

Total adipose tissues 5.44±0.56a 4.69±0.37ab 3.65±0.32b 4.26±0.23b 3.61±0.32b

Perirenal WAT 2.23±0.39a 1.92±0.19ab 1.38±0.15b 1.72±0.12ab 1.43±0.17b

Epididymal WAT 1.88±0.14a 1.79±0.14ab 1.44±0.10b 1.62±0.11ab 1.46±0.10b

Introperitoneal WAT 1.30±0.09a 0.95±0.09b 0.80±0.09bc 0.88±0.04bc 0.67±0.06c

Interscapular brown AT 0.03±0.00NS 0.03±0.00 0.04±0.01 0.05±0.01 0.05±0.01

  Abbreviations: HFD, high-fat diet; AG, Angelica gigas Nakai; FAG, fermented Angelica gigas 
Nakai.
  HFD+AG, Angelica gigas Nakai root powder;
  HFD+FAG, fermented Angelica gigas Nakai with Monascus purpureus. 
  Different letters indicate values that are significantly different from each other (P<0.05).

The wet weight of total WAT, perirenal WAT, epididymal WAT and retroperitoneal WAT was 

16.8%, 18.2%, 17.0% and 15.5%, respectively, in the 2.5% FAG group, all of which were smaller as 

compared with the 2.5% AG group (Table 4). These results suggest that the FAG is effective in 

inhibiting accumulation of the body fat in the SD rats. Our results also showed that it reduced the 

concentration of fat to maximally 13.6% at a dose of 40 μg/mL. It can also be inferred that 

nodakenin might play a key role in inhibiting the HFD-induced obesity. 

3.5. Gene expression

In the current study, we examined the effects of AG and FAG on the degree of mRNA 

transcription of CCAAT/enhancer-binding protein alpha (C/EBP α) and peroxisome proliferator 

activated receptor gamma 2 (PPAR γ2), key early adipogenic transcription factors, thus showing that 

there was a significant decrease in it in both the AG group and the FAG group (Figure 4). It is 

known that adipocyte-specific fatty acid binding protein 2 (aP2) is associated with lipid metabolism 

in adipocytes (Peters et al., 1997). In the current study, there was a significant decrease in the degree 

of aP2 expression in the AG group and the FAG group (Figure 4). The degree of such effect was 

significantly higher in the FAG group as compared with the AG group. 
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Figure 4. Levels of mRNA expression of genes involved in the adipogenesis in the 3T3-L1 
pre-adipocytes.

Abbreviations: HFD, high-fat diet; AG, Angelica gigas Nakai; FAG, fermented Angelica gigas 
Nakai.

3.6. Serum leptin levels

In the current study, there was a significant decrease in serum leptin levels in the AG group and 

the FAG group as compared with the HFD group (Figure 5). In addition, there is a possible 

correlation between serum leptin levels and body fat mass. The degree of reduction in serum leptin 

levels was significantly lower in the FAG group as compared with the AG group.

Figure 5. Serum leptin levels.

Abbreviations: HFD, high-fat diet; CA2.5, HFD+2.5% (w/w) AG; CA5, HFD+5% (w/w) AG; 
CFA2.5, HFD+2.5% (w/w) FAG; CFA5, HFD+5% (w/w) FAG.

Different letters indicate values that are significantly different from each other (P<0.05).
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3.7. Lipid concentrations in serum and liver

There was a significant decrease in serum levels of total lipid and TG in both the AG group and 

the FAG group as compared with the HFD group. But the degree of such effect was significantly 

higher in the FAG group as compared with the AG group (Table 5). 

Table 5. Serum levels of lipid, glucose and insulin.

HFD
HFD+AG (%) HFD+FAG (%)
2.5 5.0 2.5 5.0

Total lipid (mg/dL) 213.86±17.91a 203.20±14.30ab 176.57±20.27ab 166.80±16.69ab 139.00±67.96b

Total-cholesterol (mg/dL) 77.14±7.48a 61.60±3.62ab 55.86±5.46b 64.00±4.45ab 58.80±4.48b

LDL-cholesterol (mg/dL) 56.69±7.48a 33.76±4.76b 28.57±6.14b 38.39±4.92b 33.08±5.25b

HDL-cholesterol (mg/dL) 17.43±0.53a 25.40±1.17b 25.71±1.41b 23.93±1.07b 24.40±2.82b

Triglyceride (mg/dL) 15.14±1.28a 12.20±1.89a 7.86±0.74b 8.40±0.71b 6.60±1.08b

Phospholipid (mg/dL) 70.00±3.39a 113.40±7.30b 112.43±7.83b 102.40±1.80b 100.40±14.26b

Free fatty acid (nmol/L) 0.57±0.04NS 0.56±0.07 0.62±0.06 0.58±0.05 0.66±0.06
CRF (mg/dL) 4.45±0.46a 2.48±0.26b 2.23±0.26b 2.72±0.25b 2.58±0.34b

Glucose (mg/dL) 112.14±2.98a 131.80±4.60b 131.86±3.50b 155.60±3.29c 161.40±7.22c

Insulin (μU/mL) 0.20±0.00NS 0.20±0.00 0.20±0.00 0.20±0.00 0.20±0.00

  Abbreviations: LDL, low-density lipoprotein; HDL, high-density lipoprotein.
  1)HFD+AG, Angelica gigas Nakai root powder;
   2)HFD+FAG, fermented Angelica gigas Nakai with Monascus purpureus.
  Different letters indicate values that are significantly different from each other (P<0.05).

But there was a significant decrease in serum levels of TC and LDL-C in the AG group as 

compared with the FAG group. In addition, there was a significant increase in serum levels of HDL-

C and phospholipid in the AG group and the FAG group as compared with the HFD group. There 

were no significant differences in serum levels of free fatty acid between the five groups (Table 5). 

These results indicate that the FAG is effective in reducing the risk of HFD-induced hyperlipidemia. 

There was a significant increase in blood glucose levels in the FAG group as compared with the 

HFD group. But there were no significant differences in serum insulin levels between the five groups

(Table 5). These results suggest that the AG or FAG have an effect in raising blood glucose levels. 

In the current study, there was a significant decrease in liver TG in the AG group and the FAG group

as compared with the HFD group (Figure 6). 

Figure 6. Triglyceride levels in the liver.
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Abbreviations: HFD, high-fat diet; CA2.5, HFD+2.5% (w/w) AG; CA5, HFD+5% (w/w) AG; 

CFA2.5, HFD+2.5% (w/w) FAG; CFA5, HFD+5% (w/w) FAG.
Different letters indicate values that are significantly different from each other (P<0.05).

3.8. Histopathologic examination  

As shown in Figure 7, there was a decrease in the accumulation of lipid droplets after the 

treatment with FAG in the liver as compared with the HFD group.

Figure 7. Histopathologic findings.

Abbreviations: HFD, high-fat diet; CA2.5, HFD+2.5% (w/w) AG; CA5, HFD+5% (w/w) AG; 
CFA2.5, HFD+2.5% (w/w) FAG; CFA5, HFD+5% (w/w) FAG.

Histopathologic examinations show that there is a decrease in the accumulation of lipid droplets 
after the treatment with FAG in the liver as compared with the HFD group (hematoxylin&eosin, 
100).

 

4. Discussion
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It has been reported that decursin and decursinol angelate are the most abundantly present in the 

dried root of A. gigas and FAG (Ahn et al., 2007). Moreover, it has also been reported that there was 

a significant increase in the concentration of marmesin, decursinol and decursin in the FAG as 

compared with the AG (Kang et al., 2001). In the current study, we purified nodakenin from the root 

of A. gigas and then assayed it based on previous published studies (Ahn et al., 2007; Kang et al., 

2001). 

There was a significant decrease in the final body weight by 9.6% in the 2.5% AG group and 

15.3% in the 5% AG group as compared with the HFD group. Moreover, there was a more 

significant decrease in it by 16.3% in the 2.5% FAG group and 18.5% in the 5% FAG group as 

compared with the HFD group. The degree of weight reduction was significantly higher in the 5% 

AG group and the 5% FAG group as compared with the 2.5% AG group and the 2.5% FAG group in 

a dose-dependent manner. In the current study, there was a significant decrease in the length and 

width of the body in the FAG group as compared with the HFD group. In addition, there was also a 

significant decrease in the wet weight of perirenal WAT, epididymal WAT and retroperitoneal WAT

by 47.8%, 36.9% and 57.8%, respectively, in the 5% FAG group as compared with the HFD group. 

There was a significant decrease in the total weight of WAT by 46.0% in the 5% FAG group as 

compared with the HFD group. The wet weight of total WAT, perirenal WAT, epididymal WAT and

retroperitoneal WAT was 16.8%, 18.2%, 17.0% and 15.5%, respectively, in the 2.5% FAG group, all

of which were smaller as compared with the 2.5% AG group. These results suggest that the FAG is 

effective in inhibiting accumulation of the body fat in the SD rats. 

Hypertrophy and hyperplasia are referred to as the increased volume and number of adipocytes, 

respectively, both of which are responsible for the obesity (Izumi et al., 2009). The 3T3-L1 pre-

adipocytes are widely used to examine the anti-obesity effects in experimental studies. In the current 

study, we found that nodakenin was effective in inhibiting the accumulation of lipid droplets in a 

dose-dependent manner in differentiated 3T3-L1 cells as compared with the HFD group. Our results 

also showed that it reduced the concentration of fat to maximally 13.6% at a dose of 40 μg/mL. Yi-
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Gan-San (YGS, TJ-54, Tsumura, Tokyo, Japan) including Angelica radix crude extracts reduced 

lipid accumulation in differentiated 3T3-L1 cells in a dose-dependent manner without affecting cell 

viability (Izumi et al., 2009). Moreover, it has also been reported that Angelica sinensis extract was 

effective in inhibiting the accumulation of TG in a dose-dependent manner in 3T3-L1 adipocytes (Li 

et al., 2016). These authors also noted that there was a decrease in liver TG concentrations to 

maximally 40% at a dose of 10 mg/mL. An animal experiment showed that both decursin and 

decursinol angelate were effective in inhibiting the accumulation of lipid droplets in murine 

peritoneal macrophages (Ohshiro et al., 2006). It has also been reported that coumarin isolated from 

Fraxinus rhynchophylla inhibited the early stage of adipogenic differentiation of 3T3-L1 cells (Shin 

et al., 2010). It can also be inferred that nodakenin might play a key role in inhibiting the HFD-

induced obesity. 

To date, a considerable number of studies have been conducted to examine the biological factors 

that are involved in the differentiation of adipocytes (Mandrup and Lane, 1997). CCAAT/enhancer-

binding protein alpha (C/EBPα) is an important adipogenic transcription factor and is the first major 

gene induced by the induction hormones during pre-adipocyte differentiation (Brodie et al., 1999). 

Peroxisome proliferator activated receptor gamma 2 (PPAR γ2) is the key early adipogenic 

transcription factors that play an important role in the regulation of genes involved in the utilization 

and storage of lipid, lipoprotein metabolism, adipocyte differentiation and insulin action (Aoyama et 

al., 1998; Peters et al., 1997). 

It is known that adipocyte-specific fatty acid binding protein 2 (aP2) is associated with lipid 

metabolism in adipocytes (Peters et al., 1997). C/EBPα then induces PPARγ2 and both PPARγ2 and 

C/EBPα together induce the expression of aP2 as an indicator of adipocyte differentiation (Peters et 

al., 1997). Additionally, PPAR-γ activators not only up-regulate the expression of acyl-CoA 

synthetase, fatty acid transporters and uncoupling protein-2 (UCP2) but also down-regulate the 

expression of leptin in adipocytes (Spiegelman, 1998). This leads to the speculation that it would be 

mandatory to increase the degree of the expression of both PPARγ2 and C/EBPα during the culture, 
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which is essential for inducing the expression of adipocyte-specific genes that are involved in the fat 

accumulation. It has been shown, however, that there was also a decrease in the intracellular 

concentration of TG as well as the differentiation of cultured 3T3-L1 cells treated with 9-cis, 11-

trans and 10-trans, 12-cis-conjugated linoleic acids (Mandrup and Lane, 1997; Park et al. 1997). A 

recent animal study showed that the degree of PPARγ2 expression was subject to nutrients and 

hormones (Brodie et al., 1999). It has been reported not only that esculetin, coumarin isolated from 

Fraxinus rhynchophylla, inhibited the early stage of adipogenic differentiation of 3T3-L1 cells but 

also that it had a significant effect in inhibiting the expression of PPARγ in 3T3-L1 cells (Shin et al., 

2010). These reports suggest that coumarins, such as nodakenin or esculetin, are effective in 

inhibiting the adipogenic differentiation by possibly blocking the PPARγ-dependent pathway. 

Leptin is primarily secreted from the adipose tissue (Friedman and Halaas, 1998). Moreover, it 

may play a role in regulating the body weight, food intake and energy metabolism (Rahman et al., 

2001). There is a significant correlation between serum leptin levels and the body fat mass. 

Therefore, they are considered an indicator of obesity-related diseases (Friedman and Halaas, 1998). 

In the current study, we found that there was a significant decrease in the final body weight in the 

AG group and the FAG group. Moreover, our results also showed that there was a significant 

decrease in serum leptin levels in the AG group and the FAG group. In addition, there is a possible 

correlation between serum leptin levels and body fat mass. The degree of reduction in serum leptin 

levels was significantly lower in the FAG group as compared with the AG group.

Individuals with higher serum levels of TC and LDH-C are at increased risks of developing 

cardiovascular diseases (Downs et al., 1998). Therefore, they are at lower risk of atherosclerotic 

complications when they are given functional foods, containing phytochemicals (flavonoids, 

polyphenols, tannin, caffeine or catechins), that lower hepatic and serum lipids (Knekt et al., 1996; 

Hertog et al., 1983). In the current study, our results showed that there was a significant decrease in 

serum levels of total lipid and TG in the AG group and the FAG group. In addition, the degree of 

such effect was significantly lower in both the 2.5% FAG group and the 5% FAG group as compared
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with the 2.5% AG group and the 5% AG group. Our results also showed, however, that serum levels 

of TC and LDL-C were significantly lower in the AG group as compared with the FAG group. It has 

been reported that there was a significant decrease in serum LDL-C levels after the treatment with 

the root powder of 5% (w/w) AG in an animal model of chronic alcohol consumption (Sham et al., 

2014). Furthermore, there was a significant increase in serum levels of HDL-C and phospholipid in 

the AG group and the FAG group as compared with the HFD group. Elevated serum HDL-C levels 

are closely associated with a decreased risk of cardiovascular diseases. In the current study, there 

were no significant differences in serum levels of free fatty acid between the five groups. These 

results indicate that the FAG is effective in reducing the risk of HFD-induced hyperlipidemia. 

It has been reported that herbal antioxidants and fermented products are effective in inhibiting the 

accumulation of lipid droplets in the liver (Woo et al., 2008; Wei et al., 2006). In the current study, 

we found that there was a significant decrease in liver TG concentrations in the AG group and the 

FAG group as compared with the HFD group. According to a recent study, there was a significant 

decrease in the total concentration of lipid and TG in the liver after the treatment with the root 

powder of AG in an animal model of chronic alcohol consumption (Sham et al., 2014). In addition, it

has also been reported that A. sinensis extract was effective in inhibiting the accumulation of TG in a

dose-dependent manner in 3T3-L1 adipocytes (Li et al., 2016). Thus, it can be inferred that a variety 

of ingredients of the FAG might play a key role in regulating the lipid metabolism. 

Excess fat intake is one of causative factors that are involved in the accumulation of fat droplets in

the liver (Han et al., 2000; Hansen et al., 1997). This leads to the occurrence of fatty liver that is 

characterized by the increased volume and number of hepatocytes (Trovato et al., 2014). In the 

current experiment, there was a decrease in the accumulation of lipid droplets after the treatment 

with FAG in the liver as compared with the HFD group. Our results also showed, however, that the 

FAG was effective in inhibiting the accumulation of lipid droplets in the liver. A previous study 

showed that M. purpureus-fermented rice reduced the accumulation of fat droplets in the liver in an 

animal experimental model of HFD-induced obesity using rabbits and hamsters (Wei et al., 2006).
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Limitations of the current study are as follows:

(1) We failed to perform an in vitro experiment to examine changes in the properties, arising from 

differences in the amount of physiologically active compounds and nutritional constituents, between 

the FAG and the AG.

(2) We failed to identify substances that have an anti-obesity effect although it is currently 

presumed that decursin is involved in it. 

In conclusion, our results indicate that the FAG is effective in treating the HFD-induced obesity in

the SD model. Thus, it might be considered an alternative candidate as a dietary supplement for 

obesity. Moreover, further studies are warranted to evaluate its effectiveness in an experimental 

model of hepatoma, to examine a dose-response relationship or to assess the effects of A. gigas 

extract.
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