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Abstract

Hepatic fibrosis is one of chronic liver diseases which
spread in worldwide and it has high risk to turn advan-
ced cirrhosis and hepatocellualr carcinoma. Brassica
family has been produced for commercial purpose
and in Korea Brassica rapa (Turnip) is cultivated in
Ganghwa County, Gyeonggi-do Korea and used for
making Kimchi. Recently pharmacological effects of
turnip have been known; diabete mellitus modulation,
alcohol oxidization, and fibrosis inhibition. In previous
study we found antifibrogenic effect of turnip water
extract and in this study we made turnip nanoparticle
to promote turnip delivery into liver. At the same time
we assessed the biological safety of turnip nanopar-
ticle. Thioacetamide (TAA) induced hepatic nodular
formation and fibrosis (mean of fibrosis score: 4).
However, 1% turnip nanoparticle inhibited TAA-induc-
ed hepatic nodular formation and fibrosis (mean of
fibrosis score: 2-3). Activities of serum enzymes (asp-
artic acid transaminase (AST), alanine transaminase

(ALT), and total bilirubin (T-Bil)), complete blood count
(CBC), and the appearance of organs were not dif-
ferent from control and 1% turnip nanoparticle treat-
ment. Conclusively 1% turnip nanoparticle signifi-
cantly reduced TAA-induced hepatic fibrosis and
was safe in 7-weeks feeding. 

Keywords: Brassica rapa, Turnip nanoparticle, Biological
safety, Hepatic fibrosis

Liver disease has 3 steps; hepatic fibrosis, hepatic
cirrhosis, and hepatocellular carcinoma. Chronic liver
disease (CLD) spreads extensively in worldwide and
20-40% among patients with CLD turn advanced hepa-
tic fibrosis and hepatic cirrhosis1. The cause factors of
hepatic fibrosis are very manifold; viral hepatitis (espe-
cially hepatitis B and C), alcohol abuse, drugs, meta-
bolic diseases, congenital abnormalities2. The normal
liver consists of an epithelial component (hepatocytes),
an endothelial lining, tissue magrophages (Kupffer
cells), and perivascular mesenchymal cells called as
stellate cells (previously called Ito cell, lipocyte, peris-
inusoidal cell, or fat-storing cell). Among theses, stel-
late cells are the key component of hepatic fibrogene-
sis. Stellate cells activation result in hepatic fibrosis via
various pathways; connective tissue growth factor
(CTGF/CCN2) upregulation3, Smad proteins activation
by transforming growth factor beta (TGFβ)4, cannabi-
noids modulation5 etc. As the liver turns fibrotic, the
constitution of hepatic extracellular matrix (ECM) is
changed. The contents of collagens and noncollagenous
elements increase 3-5-fold6.

Brassica family has been produced for consumption
in worldwide and in Korea Brassica rapa (Turnip)
among them is cultivated in Ganghwa County, Gyeong-
gi-do Korea and used for making Kimchi. Turnip has
pharmacological functions; it suppressed type 2 abetes
mellitus by glucose and lipid metabolism modulation7,
it oxidized alcohol8, and its extract inhibited hepatic
fibrogenesis9. Various flavonoids and hydroxycinnam-
ic derivatives were characterized from Turnip10,11; One-
methoxyindole-3-acetonitrile and indole-3-acetonitrile
had anticancer effect12, turnip extract fractions inhibit-
ed hepatic fibrogenesis13, ρ-coumaroylglucose and
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feruloyl-glucose had anticancerous, antioxidant and
anti-inflammatory effects14,15, and d-galactosamine
protected liver disease via DPPH scavenging, catalases
and superoxide dismutase (SOD) decreasing, and serum
enzymes regulating16.

Nanotechnology is one of fast growing fields from
economy to science. More than 200 nanomaterials
have been used for medical and industrial purposes17,18.
Nanomaterials are easy to delivery and to maintain in
biological target sites because of the advantage of size.
However as these materials are respirable size it is
possible to spread pollution environment and/or bio-
organisms including human being19,20.

In this study, we examined anti-fibrogenic effects
and biosafety of turnip nanoscale powder.

Brassica rapa (Turnip) Nanoparticle Is Safe in
7-weeks Synchronous Feeding in Rats

At 96 hr after pulverization mean of particle size
reached about 1.1 μm and percentage of nanoscale
was 49.3% (Table 1). At 264 hr mean of particle size
was 0.96 μm and percentage of nanoscale was 60.6%.
Morphology of freeze-dried turnip powder was large
fragments, rough surface, and sharp edges but shape
of turnip nanoparticle was small spherical (data not

shown).
Body weights of thioacetamide (TAA) treated groups

(TAA treatment group and TAA and 1% turnip nano-
particle cotreatment group) were slighted compared
with them of TAA untreated group (control and 1%
turnip nanoparticle treatment group) and 1% turnip
nanoparticle recovered TAA-induced body weight’s
decrease (P⁄0.05) (Figure 2A). Activities of liver
function-related serological enzymes-aspartic acid
transaminase (AST), alanine transaminase (ALT), and
total bilirubin (T-Bil)-in TAA treated groups increased
than those of TAA untreated groups (Figure 2B). Activ-
ity of AST in TAA and 1% turnip nanoparticle treat-
ment group slightly decreased. Complete blood count
(CBC) and the appearance of organs were not different
from control and 1% turnip nanoparticle treatment
(data not shown).

1% Turnip Nanoparticle Inhibits TAA-induced
Rat Hepatic Fibrogenesis

The relative liver weight to body weight in TAA
treated groups (TAA treatment group & TAA and 1%
turnip nanoparticle cotreatment group) was smaller
than that in TAA untreated groups (control & 1% turnip
nanoparticle treatment group) (Figure 3A). 1% turnip
nanoparticle did not affect the relative liver weight to
body weight.

1% turnip nanoparticle did not induce the hepatic
morphological changes, but TAA formed nodulations
in the majority of liver and 1% turnip nanoparticle
inhibited TAA-induced hepatic nodular formations
(Figure 3B-H & E). In order to confirm the level of
fibrosis we conducted Masson’s trichome staining and
assessed fibrosis scoring according to the fibrotic area.
The photo of TAA treatment group was shown like
typical hepatic fibrosis and mean of fibrosis scoring
was score 4 (Figure 3C). 1% turnip nanoparticle sup-
pressed hepatic fibrogenesis (Figure 3B-MT) and the
fibrosis score of TAA and 1% turnip nanoparticle treat-
ment group resulted in 2-3.

Discussion

Turnip is used as a material for making Kimchi and
that has various pharmacological functions; type 2 dia-
betes mellitus suppression7, alcohol oxidization8, anti-
proliferative effect against cancer cells12, antioxidant
and anti-inflammatory effects14,15, and DPPH scaveng-
ing effect16. Hepatic fibrosis is one of chronic liver
diseases which spread in worldwide. Although there
are lots of studies to find agents for preventing hepatic
fibrosis, it is not easy to find candidates which have
antifibrogenic effect and biological safety. Turnip Kim-
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Figure 1. The protocol of TAA-induced hepatic fibrogenetic
animal model. Arrows mean administration into intraperitoneal
injection of TAA at a 50 mg/kg triple a week. Number in round
bracket is animal number in each group.

Table 1. Turnip particle size and percentage of nanoscale ac-
cording to pulverization time

Pulverization Mean of particle size Percentage of
time (hr) (diameter, μm) nanoscale (%) 

0 87.9 0.0
96 1.1 49.3

264 0.96 60.6

Control

: Administrated a intraperitoneal injection of TAA at 200 mg/kg a week

: Sacrifice

1% turnip nanoparticle

∇(6)

7w

∇(6)

7w

∇(20)

7w

∇(20)

7w

TAA

TAA++1% turnip nanoparticle



chi is a famous and almost daily eaten food. As turnip
is very biological safe, turnip Kimchi is made with
turnip.

1% turnip nanoparticle inhibited TAA-induced hepa-

tic nodular formation and fibrosis. TAA induced nodu-
lar formation in the majority of liver and mean of fibro-
sis score was 4 but in TAA and 1% turnip nanoparticle
cotreatment group hepatic nodules almost disappeared
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Figure 2. Turnip nanoparticle is safe in rats. (A) 1% turnip nanoparticle does not affect the body weight’s change. The body
weights in TAA untreated group (control & 1% turnip nanoparticle treatment group) are larger than those in TAA treated groups
(TAA treatment group & TAA++1% turnip nanoparticle treatment group) (P⁄0.05). TAA decreases the body weight but 1%
turnip nanoparticle rescues the body weight loss (P⁄0.05). All value are expressed as mean±SD. *P⁄0.05, TAA untreated
groups vs. TAA treated group, #P⁄0.05, TAA treatment group vs. TAA++1% Turnip Nanoparticle treatment group (B) It is not
different from activities of serum enzymes of control and those of 1% nanoparticle treatment group. TAA results in hepatic disor-
der and then activities of serum enzymes like as AST, ALT, and T-Bil increase. 1% turnip nanoparticle slightly decreases TAA-
induced abnormal rise of activity of AST. All values were expressed as mean±SD. P⁄0.05, TAA untreated groups vs. TAA treat-
ed group.
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and mean of fibrosis score was 2-3. Activities of serum
enzymes (aspartic acid transaminase (AST), alanine
transaminase (ALT), and total bilirubin (T-Bil), com-
plete blood count (CBC), and the appearance of organs
were not different from control and 1% turnip nanopar-
ticle treatment.

Generally the purpose of using nanoparticle is to
improve the agent’s retention time and delivery effi-
ciency in target site. In our previous study we found
the result that turnip water extract prevents hepatofibro-
genesis, through this study we hoped that turnip have
antihepatofibrogenic efficacy in spite of configuration
change.

In conclusive, we got the results that 1% turnip na-
noparticle significantly reduced TAA-induced hepatic

fibrosis and in addition was safe in 7-weeks feeding.
We suggest turnip nanoparticle is possible to be safely
used as an antifibrogenic agent.

Materials & Methods

Turnip Nanoparticle Production
Turnips were collected, washed with clean tap water,

dried in dark- and cold-room, chopped small size, and
freeze-dried. The freeze-dried powder (150 g) was
pulverized with 1,000 mL EtOH with 1 kg φ20 mm
porcelains in porcelain mill pot (DS-BM5L, DongSeo
Science Co., Korea) at 30 rpm for 11 days. The distrib-
ution of turnip nanoparticles was analyzed by particle
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Figure 3. 1% turnip nanoparticle inhibits TAA-induced hepatic nodular formation and fibrosis. (A) The ratio of liver/body weight
in TAA treated groups (TAA treatment group & TAA++1% turnip nanoparticle treatment group) is larger than that in TAA untreat-
ed group (control & 1% turnip nanoparticle treatment group). All values were expressed as mean±SD. P⁄0.05, TAA untreated
groups vs. TAA treated group (B) Histopathological analysis. Photos of livers in control and 1% turnip nanoparticle treatment group
are normal and that in TAA treatment is shown typical hepatic fibrosis (nodular formation). 1% turnip nanoparticle almost inhibits
TAA-induced nodular formation and fibrosis. (C) Fibrosis scores in each group. Semi-quantitative scoring system is adopted to
evaluate the degree of liver fibrosis (0: no, score 1: portal fibrosis, score 2: periportal fibrosis, score 3: septal fibrosis, score 4:
cirrhosis). Mean of fibrosis scores in TAA treatment group is 4 but 1% turnip nanoparticle decreases mean of fibrosis scores by
2-3. All values were expressed as mean±SD. P⁄0.05, TAA untreated groups vs. TAA treated group.
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size analyzer (CILAS 1064, CILAS, France), and the
structure of nanoparticles was photographed using a
scanning electron microscope (Hitachi 238N, Hitach,
Japan).

Animals
Ten male F344 rats were purchased from Orient Bio

(Sungnam, Korea) and acclimated for 7 days. All ani-
mals were housed in a temperature and relative humid-
ity-controlled environment (22±3�C, 12-hr light/dark
cycle) during acclimation fed ad libitum with AIN76
diet and water.

The experimental protocol for animal treatment by
thioacetamide (TAA, Sigma, St. Louis, MO, USA) is
outlined in Figure 1 and was approved by Institutional
Animal Care and Use Committee (IACUC) Kangwon
National University. The rats divided into control (6
heads), 1% turnip nanoparticle group (6 heads), TAA
group (20 heads), and 1% turnip nanoparticle++TAA
group (20 heads). Rats were injected with saline or
TAA (200 mg/kg) three times a week intraperitoneally
for 7 weeks and fed ad libitum with water and AIN76
diet or AIN76 with 1% turnip nanoparticle. 

Histopathological Analysis
The body weights of them were checked every 3

days. After 1 days of final injection, rats were weighed
body weight, judged the appearance, anesthetised with
isofluran, collected whole blood through intracardic
route, and sacrificed using isofluran. After sacrificing
rats, all organs were checked with the unaided eyes
for analysis pathological changes, and fixed hearts,
lungs, livers, kidneys, spleens, urinary bladders, testises
and ovaries with 10% neutral formalin. Fixed samples
were embedded with paraffin using Tissue-Tek VIP
(Sakura, Japan) and sliced 4 μm thickness. Histopatho-
logical study was performed on all slices stained with
H & E and by light microscopy and was done on liver
stained with MT stain. Semi-quantitative scoring sys-
tem was adopted for evaluation of the degree of liver
fibrosis (0: no, score 1: portal fibrosis, score 2: peripor-
tal fibrosis, score 3: septal fibrosis, score 4: cirrhosis).

Biological Toxicity Analysis
Using the collected whole blood, CBC was measured

with Hemavet950 (Drew Scientific Group, USA) and
the serum levels of AST, ALT, and T-Bil activities
were determined using Fuji Dri-Chem 3500i analyzer
(Fuji-film, Japan). 

Statistical Analysis
All data are presented as mean±SD. Statistical

comparison among groups was made by Student’s T-
test (P⁄0.005 was considered significant).
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