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Abstract

Pulmonary fibrosis is a progressive disease of the lungs, which leads to death in human. It has been
suggested that transforming growth factor beta 1 (TGF-B1) together with oxidative stress play a central role
in the pathogenesis of the ailment. The objective of this study was to evaluate the possible curative effects of
black radish, Raphanus sativus L. var niger (RSN) on bleomycine (BLM) -induced pulmonary fibrosis in a
rat model. In this study, thirty-six male Wistar rats were divided into six groups, including: (I) positive
(BLM) control group, (IT) negative (normal saline) control group, (IIT) sham group (R. sativus extract 150
mg/kg), and (IV-VI) treatment groups. In order to induce pulmonary fibrosis, four groups were treated with a
single dose of BLM sulfate (7.5 U/kg) through intratracheal instillation. Treatment groups (IV-VI) received
RSN extract (75, 150, and 300 mg/kg) orally a week before and two weeks after the administration of BLM.
At the end of the treatment course, blood and lung tissue samples were taken and the measurement of TGF-
Bl and histopathological examination of the lung tissues performed. The results showed that RSN,
at 300 mg/kg dose, could significantly decrease the serum level of TGF-B1 and severity of the histological
lesions as compared to the positive control group. The results of the current study indicate that the
components present in the extract can remarkably prevent the aggravation of pulmonary fibrosis via
decreasing TGF-B1 level.
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INTRODUCTION lung fibrosis such as idiopathic pulmonary
fibrosis (4). Epithelial damage, aggregation of

Pulmonary fibrosis is an irreversible, inflammatory cells and generation of free

chronic, and progressive disease of the lungs
interstitium characterized by inflammation and
deposition of collagen in the alveolar septa.
The etiology and pathogenesis of the disease
have not been completely elucidated (1).
Recent studies have focused on the role of
inflammatory  cytokines and superficial
molecules of cells involving in pro-
fibrotic/anti-fibrotic mechanisms (2-4). It is
believed that poorly balanced immune
response, including imbalance of cytokines
with positive (e.g. TGFB1) and negative (e.g.
interferon-y)  fibrogenic  effects, is a
characteristic feature of human progressive

*Corresponding author: A. Nazarizadeh
Tel: 0098 9146282131, Fax: 0098 441 2771926
Email: dr_alinazarizadeh@yahoo.com

radicals trigger the release of cytokines.
Consequently, these events result in collagen
deposition and changes in the lung structure
(5,6). Human and animal model studies have
shown that transforming growth factor beta 1
(TGF-B1) is one of the most important
cytokines, playing a key role in the
pathophysiology of the disease (7). Herpes
virus infection and undesired effects of some
chemical drugs such as bleomycin (BLM) and
methotrexate are two important etiologic
factors (8). Long-term inhalation of toxic
fumes might be a further reason (9). BLM is
an anti-neoplastic agent, which is used for
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chemotherapy of a number of human cancers
particularly skin tumors (10). It is not clear,
how BLM can induce pulmonary fibrosis;
however it seems that, generation of free
radicals and its consequent epithelial cells
injury is the underlying mechanism (11).
Unfortunately, based on the available
evidences there is not a satisfactory remedy for
the disease (12) and the existing therapies are
usually futile and associated with considerable
adverse side effects (13). Currently, the only
definitive treatment is lung transplantation
(14). Therefore, the investigation of novel and
cost-effective cures is an attractive position. In
the recent years, synthetic drugs have been
widely replaced with herbal medicines and
plant extracts, because of their little undesirable
properties and extensive beneficial effects (15).

Raphanus sativus L. var niger (black
radish) (RSN) is an annual, edible plant
belonging to the Brassicaceae family (16)
which has been used in the folk medicine of
China and Turkey for the treatment of asthma,
bronchitis and other chest complaints (17,18).
In TIranian traditional medicine seeds of the
plant ethno-pharmacologically have been
used as a diuretic, carminative, anti-fever,
antitussive and stomach tonic (19). In addition,
it has been prescribed as an antidote and a
remedy for urinary system disorders since
antiquity (20). Black radish extract contains
high concentration of vitamin C, tocopherol
and polyphenols. Experimental studies
demonstrated  that, these  constituents
possess pharmacological properties mostly
antioxidant (21-23). Another active component
is quercetin, which has potential anti-
proliferative effects (21,24,25).

Unique pharmacological properties of black
radish extract motivated us to suppose that, it
may be effective for the treatment of
pulmonary fibrosis. Thus, the current study
conducted to evaluate possible curative effects
of hydro-alcoholic extract of RSN on the rat
model of pulmonary fibrosis induced by BLM.

MATERIALS AND METHODS

Reagents and chemicals
BLM was purchased from Kakaya Ltd,
China. Black radish (RSN), genuine plant
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materials were purchased from a local market
and identified at the Faculty of Medicine,
Urmia University, Iran. Voucher specimens of
the plant under the herbarium reference number
of 77207 were deposited in this institute.

The enzyme-linked immunosorbent assay
(ELISA) kit for the measurement of TGF-B1
was obtained from BENDER MED, Austria
(Rat TGF- Bl Platinum Elisa, Lot NO#
57659004).

Hydro-alcoholic extract of underground parts
of black radish

After pharmacognostic verification of black
radish, aerial parts of the plant were removed
and underground parts (root) air-dried. For
preparation of hydro-alcoholic extract, dried
and finely powdered root of the plant (350 g)
was wetted by 800 ml of ethanol:water (70:30)
and perculated using extra volume of solvent
for 48 h, then extracted at room temperature
by maceration method (26). The solvent
(ethanol/water) was removed using a rotary
evaporator under vacuum at 50 °C. Semisolid
extract with gelling nature was obtained and
kept in the refrigerator. Adequate amounts of
the dried extract was suspended in sterilized
normal saline (vehicle) and administered to
animals through gavages.

Animals

Pathogen-free, 7-8 weeks old mature male
Wistar rats were obtained from Urmia
University Laboratory Animal Center, Faculty
of Veterinary Medicine, Urmia, Iran. Animals
were maintained in a standard specific
pathogen-free environment at a temperature of
23 £ 2 °C and controlled humidity (60 £+ 10%),
under a 12:12-h light—dark cycle. Rats were
administered distilled water and a standard diet
ad libitum. All rats were acclimatized to their
new surroundings for 2 weeks prior to the
experimental procedures. All the experiments
involving laboratory animals were approved
by the Urmia Animal Care and Use Committee
and performed at the Animal Housing
Department, Faculty of Veterinary Medicine.

Experimental protocols

Thirty-six rats weighing 190-220 g were
randomly divided into the following
six groups: (I) positive control group: received



a single intratracheal dose of BLM solution at
7.5 U/kg BW; (II) negative control group: was
given a single intratracheal dose of normal
saline; (IIT) sham group was administered 150
mg/kg of R. sativus extract; (IV, V, and VI)
treatment group: received 75, 150, and 300
mg/kg BW of plant extracts orally once a day
a week before and for two weeks after
administration of a single intratracheal dose of
BLM (7.5 U/kg BW).

Negative control and sham groups were
instilled intratracheally with normal saline at a
volume of 2 ml/kg BW and orally treated with
sterilized distilled water and extract 150 mg/kg
BW, respectively. Rats in the positive control
(BLM) group received sterilized distilled water,
after intratracheal instillation of BLM solution.

The previously described procedure was
utilized to induce pulmonary fibrosis (27). At
the end of the treatment course, the animals
were humanly euthanized and their blood and
lung tissue specimens were obtained according
to the previous method (3,4).

Histological examination

Lung tissues were fixed in 10% neutral
buffered formalin. After processing, samples
were embedded in paraffin and sections were cut
in 5 pm thickness and then stained with
Hematoxylin and Eosin for microscopic
examination. Histopathological evaluation is a
current gold standard for diagnosis and staging
of pulmonary fibrosis. Therefore, fibroblasts (as
the fibrosis marker) were counted in at least ten
microscopic fields using a Graticule lens
(OLYMPUS, America) in 400 x magnifications.
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Measurement of serum TGF-1 level

Serum samples were prepared by
centrifugation of the blood samples at 2500
rpm  for 5 min at room temperature
and preserved in a -70 °C refrigerator.
Measurement of TGFB-1 was performed
according to the kit manual (Rat TGF-B1
Platinum Elisa, Lot NO# 57659004).

Statistical analysis

The data were entered into a database and
analyzed by SigmaPlot software (version 12).
One-way analysis of variance (ANOVA)
followed by the Holm-Sidak was used. P
values less than 0.05 was considered
significant. The results were expressed as
means + standard error of means (SEM) for six
rats per each experimental group.

RESULTS

TGF-f1 levels

Fourteen days after BLM instillation in the
positive control group, TGF-B; level was
significantly (P<0.001) increased as compared
with negative (11500 = 274, pg/ml) or sham
group (11000 + 186, pg/ml). RSN could
reduce TGF-B; serum concentrations dose-
dependently and differed significantly from
the positive control group. However, 300
mg/kg of RSN had a more noticeable effect.
No significant differences observed in the
TGF-B; serum concentrations between
negative control and sham groups indicating
that oral administration of RSN is safe (Fig. 1).
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Fig. 1. TGF-p; content in serum specimens of the rats (n=6). Each value represents Mean + SEM. Significant difference
versus bleomycin group has been shown by ***P<0.001. Treatl. 75 mg/kg, Treat2, 150 mg/kg, Treat3; 300 mg/kg.
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Fig. 2. Photomicrographs of lung tissue sections of the rats in the study groups; the staining method is Hematoxylin and
Eosin for all images: A; saline—water-treated rat with normal structure of lung tissue (x 40). Bleomycin treated rats: B; a
vast area is affected (x 40), C; infiltration of inflammatory cells and proliferation of fibroblasts (arrows) (x 400) and D;
leakage of proteinaceous fluid in the alveolar space (X 400). E; treatment group (300 mg/kg) (x 40).
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Fig. 3. The effect of black radish extract on the quantity of fibroblasts (n=6). Each value represents Mean £ SEM. A
significant difference versus the bleomycin group has been shown by ***P<(.001) and **P<0.01). Treatl; 75 mg/kg,

Treat2; 150 mg/kg, Treat3. 300 mg/kg.

Histopathologic findings

Sections from the negative control and sham
groups revealed a normal structure with
no pathological changes under a light
microscope. No thickening of the inter-alveolar
septa was found in the alveolar septa of these
groups (Fig. 2A).
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Lungs of the positive control group were
widely affected. Rats treated with BLM showed
lymphocytic infiltration and proliferation of
fibroblasts in the alveolar septa. Increased
thickness of the inter-alveolar  septa,
accumulation of collagen and fibrosis were the
other microscopic findings (Fig. 2B and 2C).



In addition, there was a severe edema in the
alveolar and interstitial space (Fig. 2D).

Treatment with the extract could help the
recuperation of some pathologic changes
induced by BLM. The numbers of fibroblasts
and the severity of fibrosis were alleviated in
RSN treated rats, in a dose-dependent manner
(P<0.001, Fig. 3). In different treatment
groups, the severity of changes varied from
slight to moderate. However, 300 mg/kg of
RSN had the best curative effect; the extensity
of fibrosis and thickening of the alveolar septa
were minor in comparison with the BLM
group (Fig. 2E).

DISCUSSION

The results of this study demonstrate that
the constituents present in RSN hydro-
alcoholic extract could relatively prevent lung
pathological changes in the rat model of
pulmonary fibrosis. Curative effects of the
extract were verified by the decrease of
fibroblasts number and TGF-B; level (as an
important fibrogenic factor) at the end of the
treatment course.

The initial stage of pulmonary fibrosis is
the migration and activation of inflammatory
cells including macrophages, neutrophils, and
lymphocytes. Inflammatory and epithelial cells
release cytokines/growth factors such as (IL)-
1, (IL)-6 and (IL)-8, TNF-a, TGF-B, insulin-
like growth factor and platelet-derived growth
factor, which lead to the proliferation of
fibroblasts and final accumulation of collagen
and fibrin, the end stage of the disease (28,29).
In addition, accumulation of activated
inflammatory cells in the site of lung injury
leads to the generation of reactive oxygen
species (ROS) and severe tissue damage (30).

The injury increases permeability of the
pulmonary epithelium and endothelium,
resulting in extravasation of plasma proteins
and alveolar edema (31,32). This lesion was
observed in the positive control group (Fig. 2D).

The prevention of pro-inflammatory
cytokines release and ROS generation are
attractive targets for the development of
therapeutics for the treatment of lung fibrosis.
Potential antioxidant properties of black radish
extract have been shown previously (21).
Moreover, the extract contains a large amount
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of quercitin, possessing potential anti-
proliferative effect on several cell lines (33-
35).

According to the critical role of the reactive
oxygen species in the pathophysiology of
pulmonary fibrosis, it has been suggested that
black radish, a strong antioxidant, can
effectively inhibit the progress of tissue
damage through its antioxidant and free radical
scavenging properties. The results of this study
are in agreement with a previous report that
black radish (due to the presence of
polyphenols such as catechin, proto-catechuic
acid, vitamin C and tocopherol) can neutralize
oxidative stress and scavenge free radicals
(21,36). Another possible mechanism refers to
quercetin which can inhibit the proliferation of
fibroblasts and induce apoptosis (37). It is
likely that dysregulations in the balance of
some growth factors play a major role in
determining the differences between normal
and pathologic tissue repair (3). Among these,
TGF-f; is one of the key cytokines involved in
the pathogenesis of pulmonary fibrosis (38). It
is well established that TGF-B; promotes
differentiation of fibroblasts into activated
myofibroblasts which is an essential factor for
the production of extra-cellular matrix (38,39).
The BLM-induced pulmonary fibrosis in rodents
is one of the most commonly used animal
models to illustrate pathobiology and to identify
new targets for medication (40). This model is
also a good tool to assess efficacy of potential
compounds in general as proof of principle,
although there are some limitations (41).

In the current study, delivery of BLM via
the intratracheal route resulted in notable
histopathological changes in the lungs
including thickening of alveolar wall,
collapsing of alveolar spaces, infiltration of
inflammatory cells and excessive collagen
deposition. These findings were consistent
with previous reports (3,40).

Our results showed that in positive control
group, the concentrations of TGF-B; were
significantly increased in comparison with the
negative control and sham groups. In fact,
RSN particularly at the dose of 300 mg/kg
could remarkably decrease concentrations of
this key cytokine.

One of the most relevant findings in our
study was the effect of RSN on the quantity of
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fibroblasts and collagen deposition. As
mentioned before, pulmonary fibrosis is
characterized by the infiltration of inflammatory
cells, fibroblast proliferation and collagen
deposition. The increased collagen in the lung
has been associated with increased numbers of
fibroblasts in the interstitium and increased
collagen synthesis by these cells. Relative
reduction in lung fibrosis and the numbers of
fibroblasts were observed in the group treated
with a low dose of 75 mg/kg RSN. The best
curative effect was obtained with the highest
dose of RSN (300 mg/kg), which significantly
reduced collagen deposition and lung fibrosis.
The histological findings of the current
research certainly point out that RSN
noticeably alleviates the extent and severity of
the pathological changes in pulmonary
fibrosis. These observations are confirmed by
the reduction of the numbers of fibroblasts.

The results of this study showed that the
beneficial effects of the hydro-alcoholic
extract of RSN in rat pulmonary fibrosis is
dose-dependent and the best curative effect
was found to attain at the highest dose
of the extract.

CONCLUSION

Taking together, the present results
demonstrate that the administration of black
radish hydro-alcoholic extract by oral route
can ameliorate the BLM-induced pulmonary
fibrosis in a dose dependent manner. This
improvement is associated with the decrease of
collagen deposition and the number of
fibroblasts. It is concluded that black radish
exerts its beneficial effects via modulation of
TGF-f1, an important pro-inflammatory
cytokine, which has the crucial role in the
proliferation of fibroblasts and the stimulation
of collagen synthesis. Therefore, RSN could
be considered as a valuable novel agent for
prophylaxis or treatment of the pulmonary
fibrosis.

Investigation of the precise underlying
mechanisms of such protective roles of black
radish and the comparison of the extract
efficacy with other chemical medicines of this
model, as well as on other animal models of lung
fibrosis, should be covered in further studies.
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