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Abstract: The aim of this study is to develop a high fat diet and over nutrition induced nonalcoholic fatty liver 
disease(NAFLD) in rat, and to investigate the effect of 4-(Methylthio)-3-butenyl isothiocyanate (MTBITC) on ame-
liorating the NAFLD. Twenty Sprague-Dawley (SD) rats were equally divided into 4 groups (C, M, E1 & E2). Control 
group (C) were treated with standard restricted diet; Model group (M) were given high fat liquid diet ad libitum; 
Experimental group (E1 & E2) were treated with high fat liquid diet ad libitum and MTBITC by gavage. The experi-
ment last 9 weeks, and serum chemistry and liver histology were assessed. The rats of M group showed severe 
lipid deposition and peroxidation in liver. When compared with group C, group M also showed significantly higher 
serum concentration of low-density lipoprotein, tumor necrosis factor-α and glucose. Histopathologic sections dem-
onstrated lipid accumulation and macrovascular steatosis with ballooning degeneration in the livers of M. Group E2 
presented significantly better conditions when assessed based on the parameters of NAFLD. The data suggested 
that MTBITC might significantly attenuate fat liquid diet induced NAFLD. 

Keywords: Nonalcoholic fatty liver disease, Chinese white radish, 4-(Methylthio)-3-butenyl isothiocyanate, phyto-
chemical, antioxidative stress

Introduction

Nonalcoholic fatty liver disease (NAFLD) is one 
of the most common forms of chronic liver dis-
ease in the world. It is characterized by fatty 
infiltration of the liver without significant con-
sumption of alcohol. NAFLD is considered as 
the hepatic manifestation of metabolic syn-
drome mainly caused by obesity-associated 
insulin resistance, and is also closely associat-
ed with hepatic lipid accumulation and oxida-
tive stress. NAFLD can be separated into three 
stages: simple steatosis (fatty liver), non-alco-
holic steatohepatitis (NASH) and cirrhosis [1]. 

Simple steatosis is usually benign, however 
NASH, which is characterized by steatosis, lob-
ular inflammation and progressive pericellular 
fibrosis, is recognized as a precursor of more 
severe liver disease such as cirrhosis, hepato-
cellular carcinoma and liver failure [2, 3]. 
Recent studies indicate that the prevalence of 

NAFLD in the general population of the United 
States is over 20% and that of NASH is 3.5%-
5%. A study conducted by Fan in 2009 showed 
the number of NAFLD patients is also growing 
rapidly in China (with 15% of the urban popula-
tion being affected) [4]. 

The pathogenesis of NAFLD is still not fully 
understood, mainly because the lack of a suit-
able experimental animal model which can fully 
mimic the pathogenesis in human, both reflect-
ing the liver pathology and the metabolic con-
text correctly [5]. The genetic rodent model, 
such as mice having a missense mutation on 
the leptin receptor gene (db/db) [6], and the 
nutritional manipulations model, such as the 
choline and methionine deficiency model (MCD) 
[7, 8] can successfully induce NAFLD. However, 
the main disadvantage of these models is the 
different etiological factors when compared to 
common patients. Therefore, using the caloric 
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overload model is preferred as an NAFLD induc-
ing method, because it has conditions similar 
to that of humans. Lieber used a liquid high-fat 
diet to develop a NAFLD rat model within three 
weeks [9]. But the metabolic biochemical mark-
ers and bodyweight of this model are similar to 
control because feeding the rats high fat diet 
ad libitum cannot make them over-intake calo-
ries. By virtue of the surgery and special equip-
ment, several intragastric diet infusion tech-
niques have been applied to over-feed the rats 
[10, 11]. Though these animal models have 
basically fulfilled the requirements above, the 
technique is however not flawless as the experi-
mental animals may suffer from the negative 
post-surgery stress, and the technique is diffi-
cult to expand to most laboratories due to the 
requirement of special facilities and experi-
enced operators. 

Asian white radish (Raphanus sativus L.), with 
an edible strong taproot, is a popular crucifer-
ous vegetable throughout Asia, especially in 
China, Japan, Korea and Southeast Asia and it 
has been thought to show anti-tumor and anti-
inflammation activities [12]. Recently studies 
have demonstrated that the extract of radish’s 
taproot have potential in inhibiting the abnor-
mal growth of vascular smooth muscle cells 
[13], protecting the cell membranes against 
lipid peroxidation and intervening in dysfunc-
tion of gastrointestinal motility [14]. 4- 
(Methylthio)-3-butenyl isothiocyanate (MTBITC), 
the pungent principle and bioactive chemical of 
radish which is produced via myrosinase-cata-
lyzed hydrolysis of 4-(Methylthio)-3-butenyl glu-
cosinolates, has been studied as a potential 
phytochemical that has the effect of inducing 
the apoptosis and reducing the growth of 
tumour cells by affecting it’s signaling pathways 
[15, 16]. Also, MTBITC alone was proved to be 
safe and have the chemoprotective effects 
against the toxicity of Zearalenone [17, 18]. 
However, although there are considerable evi-
dence to suggest that the radish and its bioac-
tive compounds, especially MTBITC, are closely 
related with the improvement of the metabolic 
system of digestion, only limited research has 
been conducted on the effect of MTBITC in the 
intervention of NAFLD in vivo.

Therefore, the present study aimed to evaluate 
whether dietary intake of MTBITC can attenu-
ate fat liquid diet induced NAFLD. Thus, a mod-

erate calories over-intake rat based NAFLD 
model was established to address this 
problem.

Materials and methods

Isolation and detection of MTBITC

Fresh taproots of eight varieties of Asian white 
radishes (Raphanus sativus L) were obtained 
from the suburb of Beijing (Tianan Agriculture 
Development Co., Ltd. China) and the one which 
maintained the highest level of MTBITC was 
used in the next-step experiment. They were 
stored in a 4°C fridge and processed within 15 
days to ensure the quality. Large quantities of 
MTBITC were extracted from radishes. In brief, 
every 500 g radish roots was grated using a 
food processing machine (Royalstar Co., Ltd., 
China) and extracted twice with 500 mL of 
n-hexane for 30 min at 25°C [19]. Then, 5 μL of 
6 M HCl was added to avoid the degradation of 
the MTBITC. After combination and centrifuging 
the mixture, the solvent fraction was collected 
and sterilized by filtration using a 0.22 μm 
membrane and 5 mL of the filtered mixture was 
taken for the detection of MTBITC. The left over 
n-hexane extract was dried in a rotary evapora-
tor (Ya Rong Co., Ltd., China) at 35°C. As a 
dietary solvent, soybean oil was added to the 
extract and the mixture was stored at -80°C 
until use. 

Agilent 7890 Gas Chromatography (GC) 
attached to an Agilent 5975C Mass Selective 
Detector (MSD) with a HP-5MS capillaries col-
umn (30 m × 0.25 mm × 0.25 μm, J & W 
Scientific, CA) was used to identify the struc-
ture and detect the concentration of MTBITC in 
the hexane extract. The operating conditions 
were: 1:20 split injection mode, injector tem-
perature 250°C, helium flow rate 30 mL/min, 
oven temperature programmed from 80°C to 
270°C at 20°C/min with a 5 min initial and a 5 
min final temperature hold. Mass spectra were 
obtained by electron impact ionization over the 
range of 35-500 amu at a rate of 2 scans/s. 
The ion source temperature was 200°C and 
the electronic impact energy was 70 eV. MTBITC 
had a retention time of 6.56 min and was iden-
tified via NIST08 database (Agilent, CA). Purified 
erucin (LKT Laboratories; St. Paul, MN) was 
used as the external standard to calculate the 
concentrations of MTBITC as previously report-
ed [20].
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Animals and diets

Three-week-old male Sprague-Dawley (SD) rats 
(Beijing Vital River Laboratory Animal Tech. Co., 
Ltd., China) were housed in a room at a tem-
perature of 23 ± 1°C with a 12-h light-dark 
cycle with free access to water. All the protocols 
and procedures were carried out in accordance 
with “The guidelines of Beijing Community for 
care and use of laboratory animals”.

After 1 week of acclimatization, the animals 
were randomly divided into four groups (five 
rats per group) and fed the experimental diets 
for 9 weeks. The different diets is listed as fol-
lows: group C was normal control group treated 
with standard liquid diet (SLD) and soybean oil; 
group M was the model group treated with high 
fat liquid diet and soybean oil; group E1 was the 
first experimental group that was treated with 
High Fat Liquid Diet (HFLD) and MTBITC (9 mg/
kg body weight per day); group E2 was the sec-
ond experimental group treated with HFLD and 
MTBITC (18 mg/kg body weight per day). The 
soybean oil with MTBITC and the normal soy-
bean oil were administered orally by means of 
gastric tube. It was given to the animals in the 
ratio of 35 g per 1 L diet, and its aim was main-
taining the balance of nutrition and acting as 
vehicle simultaneously. The intake volume of 
soybean oil was adjusted every week after esti-
mating the diet consumption of each animal 
group by weighing the remaining food. To pro-
tect the hepatic health, group C was treated 

with SLD in an amount restricted to the three-
fourths of group M [21]. Groups M, E1 and E2 
were provided ad libitum with HFLD that 
induced a slightly calorie overload (about 15% 
excess compared with ad libitum) due to the 
force feeding of soybean oil. The composition 
of the experimental diets (Table 1) was 
designed calorically equivalent in order to 
attenuate the volume’s impact on different 
diets. The SLD was designed with 65% energy 
derived from carbohydrate, 15.9% from fat and 
19.1% from protein. The HFLD was designed 
with 17.7% energy derived from carbohydrate, 
63.3% from fat and 19.1% from protein. Each 
diet contained about 2000 kcal/L, including 
the separate soybean oil for gavage. All the 
ingredients of diets were provided by HFK Bio-
Technology. Co., Ltd. (Beijing, China).

Collection and process of samples

At the end of the experiment period, all rats 
were fasted overnight. After being deeply anes-
thetized, with diethylether, they were exsangui-
nated from the orbital venous plexus and the 
blood samples were collected in plastic tubes 
and incubated at 37°C for 30 min. The serum 
samples were separated by centrifugation for 7 
min at 4000 rpm and stored at -80°C until 
analysis. The rats were sacrificed by cervical 
dislocation and the livers were immediately 
excised, weighed and divided into smaller piec-
es for storage at -80°C (for biochemical analy-
sis) or in 4% paraformaldehyde (for histological 
analysis). 

Histopathologic evaluation

Liver samples were examined histologically 
after embedding in paraffin, cutting into 
5-μm-thick sections, and staining with hema-
toxylin and eosin. For hepatic steatosis analysis 
the frozen livers were cut into 14-μm-thick slic-
es and stained with Oil-Red-O.

Biochemical analyses 

Serum alanine and aspartate aminotransferas-
es (ALT, AST), total cholesterol (TC), triglyceride 
(TG), glucose (GLU), high-density lipoprotein 
(HDL) and low-density lipoprotein (LDL) were 
assayed using commercial kits (Biosino bio-
technology and science Inc., China) on Hitachi 
7020 automatic biochemistry analyzer (Hitachi, 
Ltd., Japan). Serum insulin, tumor necrosis fac-
tor-alpha (TNF-α) and adiponectin were mea-

Table 1. Composition of diet

Component Standard 
Diet (g/L)

High Fat 
Diet (g/L)

Corn starch 50 15
Maltodextrin 218.695 48.84
Sucrose 50 15
Casein 100 100
L-cystine 1.5 1.5
DL-methionine 1 1
Soybean oil* 35 35
Corn oil 0 104.8
AIN-93G Mineral mix 17.5 17.5
AIN-93G Vitamine mix 5 5
Choline bitartrate 1.25 1.25
Fiber 25 25
Xanthan gum 2.5 2.5
Tertiary-butylhydroquinone 0.007 0.007
*Soybean oil was administered by gavage as vehicle.
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sured using enzyme-linked immunosorbent 
assay (ELISA) kits (R & D Systems, Inc., USA). 
HOMA-IR is calculated using the followed for-

M was significantly greater (P < 0.05) than the 
control group after three weeks of experimental 
diets. The administration of high dosage 

Figure 1. Body weight (A), liver weight (B) and liver index (C) the ratio of liver 
weight to body weight) of different experimental groups. Group C were treated 
with standard restricted diet (3/4 amount compared with ad libitum, n = 5); 
Group M were treated with high fat liquid diet ad libitum (n = 5); Group E1 
were treated with high fat liquid diet ad libitum and MTBITC by gavage (9 mg/
kg body weight per day, n = 5); Group E2 were treated with high fat liquid diet 
ad libitum and MTBITC by gavage (18 mg/kg body weight per day, n = 5). All 
the rats were forced to intake soybean oil (35 g/L diet) as vehicle. MTBITC, 
4-(Methylthio)-3-butenyl isothiocyanate. Values are expressed as mean ± SD 
(n = 5). Values in a line with a different letter are significantly different at P < 
0.05.

mula: Serum glucose (mmol/ 
L) × Serum insulin (uU/ 
mL)/22.5. Malondialdehyde 
(MDA), superoxide dismu- 
tase (SOD), and glutathione-
peroxidase (GSH-Px) levels 
in liver homogenate were 
detected using commercial 
kits (Nanjing Jiancheng bio-
engineering Inc., China). He- 
patic concentrations of TC 
and TG were measured after 
the extraction of liver homog-
enate using chloroform-
methanol mixture [22].

Statistical analysis

All data were expressed as 
means ± SD. Statistical anal-
ysis was performed using 
one-way analysis of variance 
(ANOVA) followed by Dun- 
can’s multiple range tests. P 
< 0.05 was considered to be 
statistically significant. Data 
were analyzed with SPSS 
17.0 for Windows (SPSS Inc., 
Chicago IL. U.S.A.).

Result

Identification and quantita-
tion of MTBITC

When compared to the other 
seven varieties, the Chang- 
chun Daikon was detected 
to contain the highest level 
of MTBITC (Data not listed). 
The purity of the MTBITC was 
assessed to be 91.6% in the 
hexane extract of white rad-
ish and the concentration of 
MTBITC was detected to be 
52.4 μg/g fresh roots. 

Body weight, liver weight 
and liver index (the ratio of 
liver weight to body weight)

As shown in Figure 1A, the 
body weight of rats of group 
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MTBITC produced a relatively slow increase of 
body weight before week six. However, having 
no different between them, the body weight of 
groups M, E1 and E2 increased at a greater (P 
< 0.05) rate than group C towards the end of 

hepatic TG of E2 was markedly lower than M (P 
< 0.05). The high dosage feeding of MTBITC 
made the hepatic MDA of E2 greatly lower than 
the other groups while the activity of hepatic 
SOD and GSH-Px in E2 were greater than those 

Figure 2. Effect of treatment with MTBITC on high fat-induced NAFLD rats (n = 
5). Liver sections were stained with hematoxylin and eosin (A, C, E, G, original 
magnification × 200) and oil Red O (B, D, F, H, original magnification × 100). 
Group C were treated with standard restricted diet and showed a normal he-
patic structure with no accumulation of fat droplets (A & B). Group M, which 
were given high fat liquid diet ad libitum, displayed hepatocytes macrovesicu-
lar steatosis with ballooning degeneration, and numerous lipid droplets (C & 
D). Group E1 were treated with high fat diet ad libitum and MTBITC by gavage 
(9 mg/kg body weight per day). It showed normal hepatic structure with less 
lipid accumulation than group M (E & F). Group E2 were treated with high fat 
diet ad libitum and MTBITC by gavage(18 mg/kg body weight per day). It dis-
played normal hepatic structure with minimal fat deposition in hepatocytes (G 
& H). All the rats were orally treated with soybean oil (35 g/L diet) as vehicle. 
MTBITC, 4-(Methylthio)-3-butenyl isothiocyanate.

the experiment. Also, the 
liver weight of M, E1 and E2 
and the liver index of M and 
E1 were significantly higher 
(P < 0.05) than C (Figure 1B 
and 1C). However, the liver 
index of E2 showed no sig-
nificant difference with that 
of C.

Histopathologic evaluation

There were no accumula-
tions of lipid droplets in the 
hepatocytes of group C in 
the microscopic examina-
tion (Figure 2A, 2B). The 
liver sections of group M 
showed several macrovas-
cular displaced nucleus in 
the periphery of hepatocytes 
(Figure 2C) and a severe 
deposition of small lipid 
droplets (Figure 2D). The 
hematoxylin and eosin stain-
ing of liver sections indicat-
ed that E1 (Figure 2E) and 
E2 (Figure 2G) had a normal 
liver structure when com-
pared with M. However, liver 
sections which stained with 
Oil red O showed there were 
still some lipid droplets in 
the MTBITC treated group 
(E1, E2). The high dosage 
treatment group (E2) pre-
sented more less accumula-
tion of lipid at the first glance 
(Figure 2F, 2H).

Hepatic biochemical param-
eters

As shown in Table 2, after 9 
weeks of treatment, the 
amount of hepatic TG and TC 
in M, E1 and E2 was signifi-
cantly increased compared 
to those in C group. The 
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in M and E1 (P < 0.05). However, hepatic GSH-
Px of M, E1 and E2 was markedly lower than C 
(P < 0.05). All hepatic parameters were similar 
between M and E1.

Serum biochemistry

The levels of lipid profiles, enzymes, glucose, 
insulin, TNF-α and adiponectin in serum of 
experimental rats were listed in Table 3. There 
were no differences in the serum TG, TC, HDL, 
AST and adiponectin levels during the feeding 
period in all of groups. Compared to C, the 
serum from group M had a significantly higher 
level of GLU, HOMA-IR and TNF-α. When com-
pared to the model group, the low dosage treat-

ment of MTBITC presented lower serum GLU 
and HOMA-IR, while high dosage of MTBITC 
brought about a markedly decrease in the level 
of LDL, Insulin and HOMA-IR, and a greatly 
improved AST/ALT ratio. There were no signifi-
cant difference between C and E1 in the values 
of serum LDL, AST/ALT ratio, Insulin and TNF-α. 
Compared to group C, E2 presented no differ-
ence in serum ALT, AST/ALT ratio, GLU, HOMA-
IR and TNF-α.

Discussion

Though NAFLD is known as one of the most 
prevalent chronic liver diseases worldwide, the 
studies of its pathogenesis are still hampered 

Table 2. Hepatic lipid indices, concentrations of SOD, MDA and GSH-Px in 10% liver homogenate
Parameter Group C Group M Group E1 Group E2
TG (mmol/L) 0.62 ± 0.27a 2.24 ± 0.45b 1.84 ± 0.45b,c 1.46 ± 0.67c

TC (mmol/L) 0.70 ± 0.18a 2.41 ± 0.51b 2.60 ± 1.02b 1.94 ± 0.82b

MDA (nmol/mgprot) 2.18 ± 0.56a 2.34 ± 0.31a 1.86 ± 0.22a 0.99 ± 0.30b

SOD (U/mgprot) 32.99 ± 4.88a 31.11 ± 2.86a 33.57 ± 5.03a 44.28 ± 7.40b

GSH-Px (U/mgprot) 642 ± 108a 330 ± 68b 341 ± 41b 448 ± 68c

The concentration of liver homogenate was diluted to one-tenth with normal saline. Group C were treated with standard 
restricted diet (3/4 amount compared with ad libitum, n = 5); Group M were given high fat liquid diet ad libitum (n = 5); Group 
E1 were treated with high fat liquid diet ad libitum and MTBITC by gavage (9 mg/kg body weight per day, n = 5); Group E2 were 
treated with high fat liquid diet ad libitum and MTBITC by gavage (18 mg/kg body weight per day, n = 5); All the rats were orally 
treated with soybean oil (35 g/L diet) as vehicle. TG, triglyceride; TC, total cholesterol; MDA, malondialdehyde; SOD, superoxide 
dismutase; GSH-Px, glutathione-peroxidase; MTBITC, 4-(Methylthio)-3-butenyl isothiocyanate. Values are expressed as mean ± 
SD (n = 5). a,b,cValues in a line with a different letter are significantly different at P < 0.05.

Table 3. Results of serum chemistry level
Parameter Group C Group M Group E1 Group E2
TG (mmol/L) 0.61 ± 0.19 0.57 ± 0.21 0.55 ± 0.16 0.44 ± 0.12
TC (mmol/L) 1.54 ± 0.12 1.46 ± 0.26 1.22 ± 0.41 1.44 ± 0.29
HDL (mmol/L) 1.1 ± 0.09 1.09 ± 0.16 0.92 ± 0.45 1.17 ± 0.27
LDL (mmol/L) 0.29 ± 0.09a 0.3 ± 0.10a 0.22 ± 0.04a,b 0.17 ± 0.03b

ALT (U/L) 45.0 ± 3.5a 52.4 ± 2.1a,b 54.8 ± 9.9b 47.2 ± 5.0a,b

AST (U/L) 195.8 ± 13.4 195.6 ± 15.79 216.6 ± 34.2 214.2 ± 23.09
AST/ALT ratio 4.39 ± 0.63a,b 3.74 ± 0.38a 4.02 ± 0.70a,b 4.55 ± 0.28b

GLU (mmol/L) 6.90 ± 1.5a 8.30 ± 0.14b 5.10 ± 0.39c 7.72 ± 0.25a,b

Insulin (mU/L) 27.17 ± 0.87a 29.3 ± 1.76a 26.23 ± 2.60a,b 23.08 ± 4.21b

HOMA-IR 8.33 ± 1.63a 10.8 ± 0.54b 5.98 ± 1.01c 7.92 ± 1.44a

TNF-α (ng/L) 243.0 ± 35.9a 320.1 ± 30.4b 256.8 ± 19.5a,b 269.8 ± 86.4a,b

Adiponectin (μg/L) 105.4 ± 7.1 100.6 ± 22.0 88.5± 17.1 80.3 ± 16.7
Group C were treated with standard restricted diet (3/4 amount compared with ad- libitum, n = 5); Group M were given high fat 
liquid diet ad libitum (n = 5); Group E1 were treated with high fat liquid diet ad libitum and MTBITC by gavage (9 mg/kg body 
weight per day, n = 5); Group E2 were treated with high fat liquid diet ad libitum and MTBITC by gavage (18 mg/kg body weight 
per day, n = 5); All the rats were orally treated with soybean oil (35 g/L diet) as vehicle. TG, triglyceride; TC, total cholesterol; 
HDL, high-density lipoprotein; LDL, low-density lipoprotein; ALT, alanine aminotransferases; AST, aspartate aminotransferases; 
GLU, glucose; TNF-α, tumor necrosis factor-α; ADP, adiponectin; MTBITC, 4-(Methylthio)-3-butenyl isothiocyanate. Values are 
expressed as mean ± SD (n = 5). a,b,cValues in a line with a different letter are significantly different at P < 0.05.
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by the lack of suitable animal models, which 
can fully mimic the conditions of it. Most of the 
previous data are gained from genetic (db/db or 
fa/fa) [23] or MCD (choline and methionine 
deficiency) models [7, 8]. However, the main 
drawback of these models is that they don’t 
share the same pathogenesis with human 
patients. Therefore, the over-nutrition model 
has been preferred in recent studies [24].

In this study, we used a self-designed diet 
which based on AIN-93G21 to fulfill the basic 
nutritional demand of animals and used the 
calorically equivalent liquid formula to attenu-
ate the volume’s impact on different diets. 
However, it was difficult to measure the dietary 
calorie by calculating the volume due to the 
evaporation of liquid diet. To induce a modest 
caloric overload and to act as the vehicle of 
MTBITC, soybean oil of the formula was given 
separately by gavage. Because soybean oil is 
one of the necessary ingredients of the control 
diet, there is no need for a group of separate 
vehicles of delivery, which is necessary in other 
similar studies. It also benefits the experimen-
tal animals and saves reagents. SD rats were 
chosen because in which NAFLD can be easily 
induced, while the Wistar specie has been 
proved to be unsuitable [25, 26]. The experi-
mental time course and the dosage of dietary 
MTBITC were set to meet experimental require-
ments, and were based on the studies of other 
functions of this chemical, and our preliminary 
experiment in vitro (Data not listed). 

Approximately 90% of NAFLD patients have one 
or more characteristics of metabolic syndrome 
and about 33% have the complete diagnosis 
[26]. Thus, a suitable rat model of NAFLD 
should process both the over accumulation of 
hepatic lipid and the characteristics of meta-
bolic syndrome. In the present study, we suc-
ceeded in constructing a rat NAFLD model. The 
animals in the model group (M) had a signifi-
cant increase in body weight, liver weight as 
well as liver index, when compared to the con-
trol group (C). Also, significantly higher hepatic 
lipid profile and obviously abnormal histological 
photographs indicated the presence of lipid 
accumulation and hepatic steatosis in the liv-
ers of the M group. Evidence suggested that 
high fat diet-induced NAFLD was associated 
with free radical injury and oxidative stress, 
which were characterized by increased lipid 

peroxidation in liver [27, 28]. In the model rats, 
decreased SOD and GSH-Px, and increased 
MDA levels indicated hepatic lipid peroxidation 
and a negatively altered antioxidant system. 
Moreover, an enhancement of TNF-α, HOMA-IR 
and LDL levels further shows the presence of a 
metabolic syndrome. 

Insulin resistance has been proved to be the 
first pathologic step in the development of 
NAFLD and HOMA-IR is a common parameter 
to evaluate its severity. In the present study, 
HOMA-IR of group M was significantly higher 
than group C. However, it is a moderate change 
compared with the published data [2, 3]. 
Adiponectin is a kind of adipokine which can 
inhibit lipogenesis in tissues. In the silent stage 
of NAFLD, the ratio of AST/ALT or ALT/AST is 
considered as an index reflecting the degree of 
hepatic health. In addition, most studies have 
shown alterations of serum biomarkers, such 
as, TG, TC and HDL levels in NAFLD rats. 
However, no statistically significant changes 
were shown in the above parameters between 
the M and C group in our result. Besides, the 
histopathology examination of liver sections 
indicated that though there were pronounced 
deposition of lipid droplets and macrovascular 
steatosis in the livers of M, severe inflamma-
tion and fibrosis was not presented. Therefore, 
based on the evaluation standard of NAFLD, we 
only successfully induced the early stage of 
NAFLD. Liquid diet could hardly induce a severe 
NAFLD, but induce a mild one first, which could 
be attributed to the lack of experimental time 
because the over deposition of hepatic lipid 
has been emerged. 

MTBITC, a kind of isothiocyanate, is mainly 
extracted from radish (Raphanus sativus L.). In 
our study, the dietary MTBITC has proved to be 
effective in the treatment of NAFLD in SD rats. 
The results indicated MTBITC could alleviate 
high fat & over nutrition-induced hepatic injury. 
Though there was no change in the weight of 
body or organ, the high dosage of MTBITC (18 
mg/kg body weight per day) significantly 
decreased hepatic lipid profile, LDL level and 
the severity of insulin resistance. It also pre-
sented an excellent effect on the hepatic 
pathology conditions. Moreover, due to the 
amelioration of hepatic lipid peroxidation, the 
liver enzymatic antioxidant defense system 
recovered considerably. Low concentration (9 
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mg/kg body weight per day) administration of 
MTBITC also attenuated NAFLD, but the effect 
was limited comparatively. 

Liver has been proved to be one of the target 
organs of MTBITC in this study. The chemo-pro-
tective effect of MTBITC can be attributed to 
the efficient antioxidant activity, which is higher 
than that of vitamin C & E [18]. The high fat diet 
and the stress of over nutrition can readily 
induced an over accumulation of lipid in the 
liver. Lipid deposition in the liver causes an 
excessive generation of free radicals and reac-
tive oxygen species, and liver is the main organ 
suffering from free radical reactions [29]. In 
addition, oxidative stress exerts a negative 
impact on the regulation of glucose metabo-
lism [30]. Hence, the effect of MTBITC on reliev-
ing insulin resistance might attribute to the 
antioxidant activity. Oxidative stress also induc-
es a serious damage of biological membranes 
containing polyunsaturated fatty acids, and the 
extract of radish maintained the integrity of 
membrane [31]. By attenuating the increase of 
hepatic TG and serum LDL, MTBITC may affect 
the activity of LDL receptor and influencing the 
metabolism of lipids, especially hepatic lipid 
metabolism. A recent study demonstrated that 
an overgrowth of small intestinal bacteria may 
be an important pathogenesis of NAFLD [32]. 
Thus, another reason of our positive results 
may attribute to the excellent anti-bacteria abil-
ity of MTBITC [33]. In addition, the extract of 
radish stimulate stomach and intestinal vermic-
ular motion, this shortens the retention time of 
dietary lipid in the digestion system. This may 
help avoid the accumulation of lipid in liver. 
However, whether the MTBITC is the bioactive 
chemical in this study should be clarified in 
future research. 

In summary, based on the previous methods, 
we successfully developed a new rat based 
NAFLD model. The data showed that high fat 
diet (over 60% of calories from fat) and modest 
caloric overload induced an early stage of 
NAFLD, both reflecting the liver pathology and 
the metabolic context of human disease. The 
results also indicated that, administration of 
MTBITC in a relatively high dosage (18 mg/kg 
body weight per day) ameliorated the severity 
of NAFLD in an early stage, possibly by alleviat-
ing insulin resistance and hepatic oxidative 
stress.
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