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Background: During the process of hepatic fibrosis, the activation of hepatic stellate cells (HSCs) 
is responsible for the increased formation and reduced degradation of extracellular matrix in the 
liver. By employing the hepatic stellate cell line, HSC‑T6, it was found that the methanol extract 
of Limonium tetragonum, a halophyte living in salt marsh near south and western seashores of 
Korea significantly inhibited the proliferation of HSC‑T6 cells. Objective: In the present study, we 
attempted to investigate the antifibrotic effects of the mathanolic extract of L. tetragonum (MELT) 
in the activated HSC‑T6 cells. Materials and Methods: The proliferation of HSC‑T6 was stimulated 
by culturing environment or platelet‑derived growth factor (PDGF‑BB) insult, and then the inhibitory 
activities of MELT were measured. Results: It was found that MELT suppressed the proliferation 
of the activated HSC‑T6 in concentration‑ and time‑dependent manners. The increased collagen 
deposition in the activated HSC‑T6 cells was also decreased by the treatment of MELT. The 
maximal dose of MELT, however, had little effect on primary cultured rat hepatocytes. Wlammatory 
cytokine, tumor necrosis factor alpha (TNF‑α) produced by lipopolysaccharide‑stimulated 
RAW264.7 macrophages was inhibited by MELT. Conclusion: Collectively, the above results 
demonstrated that MELT suppressed HSCs proliferation but not in hepatocytes, implying that 
L. tetragonum may be useful candidates for developing therapeutic agents for the prevention 
and treatment of hepatic fibrosis.
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INTRODUCTION 

Halophytes, the naturally salt‑tolerant plants growing in high 
salinity soil, have a long history of  usage for alimentation, 
for their medicinal value, for their high salt contents. The 
edible young leaves and shoots of  halophytes have been 
highly demanded by consumers for their salty taste and 
their high nutritional content which made it an ideal diet 
supplement. The potential of  halophytes as neutraceuticals 
and/or functional foods are mainly due to the enriched 
natural antioxidants in halophytes. Halophytes are known 
to be equipped with powerful antioxidant defense system 
that can tolerate unfavorable environmental condition, such 
as high salinity. Enzymatic or nonenzymatic components 
in halophytes have ability to resist and decline internally 

generated reactive oxygen species (ROS).[1,2] Some of  
secondary metabolites including terpenoids (carotenoids, 
diterpenes, sesquiterpenes and essential oil) and phenolic 
compounds have been identified so far. These antioxidant 
components may delay the oxidation of  cellular molecules 
and repair tissue injuries that lead to the prevention of  
cell death.[3] Recently, Salicornia herbacea has been on the 
spotlight in Korean industries (dietary, pharmaceutical and 
cosmetic) as new source of  natural antioxidant due to its 
strong biological activities derived from high contents of  
useful polyphenols, minerals and vitamins. During search 
for new source with antioxidant and hepatoprotective 
activities from halophyte plants (salinity plants) living in 
foreshore or coastal sand in South Korea, it was found 
that the methanolic extract of  Limonium tetragonum (MELT) 
showed great anti‑proliferative activity in murine hepatic 
stellate cells, HSC‑T6.

Limonium tetragonum (Thunb.) Bullock, which is also 
known as ‘halophytic carrot’ due to its long straight 
root looks like carrot is a biennial plant in the family 
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of  Plumbaginaceae. The roots and leaves of  this 
plant (known as ‘Jin‑Chi‑Ye‑Cao’ or ‘Bu‑Xue‑Cao’) have 
been used in folk medicine to treat uterine hemorrhage, 
oligomenorrhea, dysgalactia and tinnitus. Various biological 
activities of  Limonium species have been reported 
including antioxidant, antibacterial, antifungal, antiviral 
and antileishmanial activities[4‑6] derived from its active 
constituents such as myricetin, myricetin glycosides, tannins 
and caprolactam.[7,8] Amongst the compounds isolated 
from Plumbaginaceae family, plumbagin has been received 
most attention in pharmaceutical industry. Plumbagin is 
a simple hydroxyl‑naphthoquinone generally extracted 
from the roots of  Plumbago species. This compound 
has been ascribed with remarkable medicinal properties 
especially as potent anticancer agent.[9] Regarding tthe 
hepatoprotection of  limonium species, L. sinensis was 
found to be hepatoprotective in carbon tetrachloride 
and beta‑D‑galactosamine intoxication in rats.[10] The 
flavonoids‑enriched fraction of  L. sinensis roots protected 
the injured rat liver through mitochondrial modulation 
related to increased expression of  voltage‑dependent anion 
channels (VDAC).[11]

Due to the lack of  scientific evidences on bioactivity 
of  L. tetragonum, in this study, our work was aimed at 
investigating antifibrotic activities L. tetragonum in HSCs as 
well as possible effects in hepatocytes and macrophages.

MATERIALS AND METHODS

Plant material and sample preparation
The whole plants of  L. tetragonum were collected 
from the foreshore in Sinan‑gun, Korea in July 2013. 
A voucher specimen (GNP‑70) has been deposited in 
the laboratory of  pharmacognosy, college of  life sciences 
and natural resources, Gyeongnam National University of  
Science and Technology. The aerial parts of  L. tetragonum 
were dried using freezing‑dryer, and then extracted 
three times with methanol. The methanolic extract was 
filtered and evaporated in vacuum. The dried extract of  
L. tetragonum was weighted accurately and dissolved in 
dimethylsulfoxide (DMSO) for cell culture. Our preliminary 
study showed that DMSO at a final concentration of  0.1% 
in media did not affect the cell viability.

Culture of HSC-T6 hepatic stellate cells
An immortalized rat hepatic stellate cell line, HSC‑T6 
was kindly provided by Prof. SL Friedman (Columbia 
University, New York). HSC‑T6 cells were maintained 
in DMEM supplemented with 10% heat‑inactivated 
fetal bovine serum, 100 IU/ml penicillin and 100 µg/ml 
streptomycin at 37°C in a humidified atmosphere of  95% 
air and 5% CO2.

Assessment of cell viability
For the assay, hepatocytes or HSC‑T6 cells were seeded 
in 48‑well plates at a density of  5 × 104 cells/ml and 
incubated for 24 h. Cells were treated with the sample 
to be tested at the concentration as indicated for 24 h or 
48 h. Inhibitory effect on the proliferation was assessed 
by the 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide (MTT) assay. Cells were incubated with 
2 mg/mL of  MTT for 2 h. Reduction of  MTT to formazan 
was assessed in an ELISA plate reader at 450 nm. Data were 
expressed as the mean of  three independent experiments.

Measurement of cell proliferation
Cell proliferation was assessed by bromodeoxyuridine (BrdU) 
incorporation using a colorimetric ELISA Kit (Roche 
Diagnostics, GmbH, Mannheim, Germany). HSC‑T6 cells 
were plated and treated as described for the MTT assay. 
At the end of  each treatment period, the medium was 
discarded and the cell pellet was used for assay according 
to the manufacturer’s instructions.

Measurement of collagen content
The collagen content was quantified by the Sirius Red‑based 
colorimetric assay.[12] Briefly, after treatment, the cultured 
HSC‑T6 cells were washed with PBS, followed by fixation 
with Bouin’s fluid for 1 h. After fixation, the fixation 
fluid was removed and the culture dishes were washed by 
immersion in running tap water for 15 min. The culture 
dishes were air dried and stained by Sirius Red dye reagent 
for 1 h under mild shaking on a shaker. Thereafter, the 
solution was removed and the cultures were washed with 
0.01 N HCl to remove non‑bound dye. The stained material 
was dissolved in 0.1 N NaOH and the absorbance was 
measured at 550 nm against 0.1 N NaOH as a blank.

Determination of NO production
RAW264.7 cells were seeded in 48 well plates at a density 
of  5 × 105 cells/ml and incubated for 24 h. Then, the cell 
culture was washed and the medium was replaced with 
Griess medium to remove any trace of  phenol red, and 
treated with sample to be tested for 1 h before exposure 
to 100 ng/ml of  lipopolysaccharide (LPS). After 24 h 
incubation, nitrite in culture medium was measured to 
assess NO production in RAW264.7 cells using Griess 
reagent. The absorbance at 550 nm was measured on a 
microplate reader and the concentration was determined 
using nitrite standard curve.

Determination of TNF-a production
RAW264.7 cells were plated overnight in 12 well 
plates at a density of  5 × 105 cells/ml. The cells were 
treated with the samples to be tested for 1 h before 
exposure to 100 ng/mL of  LPS. After incubation for 24 h, 
the supernatants were collected and used for cytokine 
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measurement. The concentration of  TNF‑a in the culture 
medium was determined by a mouse TNF enzyme‑linked 
immunosorbent assay (ELISA) kit (BD Biosciences, San 
Jose, CA, USA).

RESULTS

The effects of MELT on the viability of hepatocytes
To exclude the nonselective cytotoxicity of  candidates, the 
effect of  MELT on the viability of  primary cultured rat 
hepatocytes was examined using MTT assay. Hepatocytes 
were intact up to 48 h in response to various doses of  
MELT [Figure 1]. No cytotoxicity induced by the treatment 
of  MELT itself  was observed in the concentration range 
of  1‑50 µg/ml.

The effects of MELT on the proliferation of HSCs
The effects of  MELT on the cell integrity in HSC‑T6 cells 
were examined using MTT assay. The HSC‑T6 cells were 
treated with 25‑100 µg/ml of  MELT for 24 and 48 h. The 
significant cellular loss was observed from the concentration 
of  50 µg/ml at both incubation times [Figure 2a]. To 
confirm the inhibitory effect of  MELT on cellular 
proliferation, the BrdU incorporation in HSC‑T6 cells was 
measured. Treatment of  HSC‑T6 cells with MELT resulted 
in time‑ and concentration‑dependent growth arrest of  
cells [Figure 2b]. Platelet‑derived growth factor (PDGF) 
produced by activated macrophages is a potent stimulator 
of  HSCs. The proliferation of  HSC‑T6 was greatly 
increased by PDGF‑BB insult. The pre‑treatment of  
HSC‑T6 with MELT for 1 h suppressed significantly cell 
proliferation induced by PDGF‑BB [Figure 3a and b].

The effects of MELT on collagen deposition in HSCs
Excessive production and deposition collagen is one 
of  characteristic features observed in the activated 
HSCs. To assess the effect of  MELT on extracellular 
matrix (ECM) production, the collagen produced in 
the activated HSC‑T6 cells was measured. The amount 
of  collagen produced in HSC‑T6 was reduced by the 
treatment of  MELT in a concentration‑dependent manner. 
The treatment of  MELT reduced the collagen level by 
23.5 ± 3.0%, 30.7 ± 2.2% and 35.2 ± 1.5% over untreated 
control cells [Figure 4].

The effects of MELT on the production of NO and 
TNF-α in macrophages
Necrosis and apoptosis related hepatic cell death is 
well related with liver inflammation originating from 
the products of  activated macrophages such as tumor 
necrosis factor alpha (TNF‑α) and interleukin‑6 (IL‑6).[13,14] 
To understand the possible role of  MELT in hepatic 
fibrosis, the immunomodulatory function was tested. As 
shown in Figure 5, the pretreatment of  MELT significantly 
attenuated the production of  nitric oxide and TNF‑α in 
LPS‑activated RAW264.7 macrophage cells. No cytotoxicity 
of  MELT was found in the concentration range of  
1–100 µg/ml.

DISCUSSION AND CONCLUSION

Hepatic fibrosis is well characterized by the increased 
proliferation, and excessive production and deposition 
of  ECM, and HSCs are considered to play pivotal roles 
responsible for fibrosis.[15‑18] As a consequence of  liver 
injury caused by persistent viral and helminthic infection, 
autoimmune, alcoholism, metabolic agents, HSCs undergo 
phenotypic transformation from vitamin A‑storing 
quiescent cells into myofibroblast‑like proliferative.[15,18] The 
activated HSCs produce a huge amount of  ECM, primarily 
fibrillar collagens I and III,[19] and express alpha‑smooth 
muscle actin that subsequently lead to hepatic fibrosis.[15] 
The accumulation of  ECM proteins disturbs the liver 
architecture by forming a fibrous scar and the subsequent 
development of  cirrhosis with nodules of  regenerating 
hepatocytes, which often leads to progressive loss of  liver 
function.[20] Hence, antifibrogenic therapy that suppresses 
the activation of  HSCs has been preferentially considered as 
an attractive target to prevent the pathological progression 
to cirrhosis in chronic liver diseases.[21,22]

Prior to evaluation of  anti‑proliferative effects of  MELT 
on HSCs, the cytotoxicity of  MELT in primary cultured 
rat hepatocytes were tested to rule out nonselectivity of  
the candidates. Our data showed that the hepatocytes 
were intact by the treatment of  MELT up to 48 h at the 

Figure 1: Effect of MELT on cell viability in primary cultured rat 
hepatocytes. Cells were incubated with MELT at the concentrations 

of 1–200 µg/ml for 48 h. Cell viability was measured by MTT assay. 
The percent of cell viability (%) was calculated as 100 × (absorbance 
of compound-treated/absorbance of control). Data are expressed as 
the mean ± SD of three independent experiments, each performed 
using triplicate wells
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Figure 2: Effect of MELT on cell proliferation and integrity in HSC-T6 cells. HSC-T6 cells were incubated with MELT at the concentrations of 
1–100 -g/ml for 24 and 48 h. (a) Cell viability was measured by the MTT assay. Cell proliferation was measured by the BrdU incorporation assay 
(b). *P < 0.01 compared with non-treated control

ba

Figure 3: Effect of MELT on PDGF-BB-induced cell proliferation in HSC-T6 cells. HSC-T6 cells were pre-treated with MELT for 30 min followed by 
PDGF-BB (10 ng/ml) treatment. Cells were further incubated for 24 and 48 h. Cell viability was measured by the MTT assay (a). Cell proliferation 
was measured by the BrdU incorporation assay (b). *P < 0.01 compared with PDGF-BB-treated only

Figure 4: Effects of MELT on collagen deposition in HSC-T6 cells. 
HSC-T6 cells were incubated with MELT at the concentrations of 

25–100 µg/ml for 24 and 48 h. The collagen content was measured 
by the Sirius Red-based colorimetric assay. Collagen content 
(mg/mg protein) was calibrated from a standard curve based on 
reference standard. Data are presented as the mean ± SD of three 
independent experiments, each performed using triplicate wells 
*P < 0.01 compared with non-treated control

concentration range of  1–100 µg/ml. Slight cytototoxicity 
was found at the highest concentration (200 µg/ml). 
Antiproliferative activities of  MELT were measured in 
HSC‑T6 cells, an immortalized rat hepatic stellate cell 
line. HSC‑T6 retains major features of  activated stellate 
cells, including expression of  desmin, α‑smooth muscle 
actin, and glial fibrillary acidic protein, and it can esterify 
retinol into retinyl esters.[23] The activation of  HSCs can 
be promoted by addition of  serum, cytokines and other 
factors,[21,24] and also can be induced by the specific culturing 
conditions in vitro. Culturing HSCs on uncoated plastic 
plates is known to cause spontaneous activation leading to 
myoblastic phenotype, mimicking the process seen in vivo. 
The accelerated proliferation of  HSCs by culturing on 
plastic plate was found to be attenuated by the treatment 
of  MELT in MTT and BrdU incorporation assay. The 
proliferation of  HSCs was decreased up to 62.5 ± 2.1% 
over untreated control by the treatment with MELT for 
48 h at the concentration of  100 µg/ml [Figure 2]. The 
content of  deposited collagen in HSCs was also decreased 
significantly by the treatment of  MELT in dose‑dependent 
manner [Figure 4].
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of  MELT in MTT and BrdU incorporation assay. The 
proliferation of  HSCs was decreased up to 62.5 ± 2.1% 
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48 h at the concentration of  100 µg/ml [Figure 2]. The 
content of  deposited collagen in HSCs was also decreased 
significantly by the treatment of  MELT in dose‑dependent 
manner [Figure 4].

During liver fibrogenesis, enormous amounts of  
macrophages are infiltrated into the damaged region 
of  liver, where the pro‑fibrogenic cytokines such 
as interleukin‑1, TNF‑α and PDGF released by 
macrophages activates HSCs.[22,25] Autocrine and 
paracrine signaling via PDGF promotes myofibroblast 
proliferation and chemotaxis, also stimulates collagen 
production in HSCs.[26‑29] Upon the binding of  PDGF‑BB 
to PDGF receptor, the receptor undergoes dimerization 
and autophosphorylation on tyrosine residues in 
intracellular domain. This resulted in the activation of  
specific signaling pathway including mitogen‑activated 
protein kinase (MAPK) which leads to proliferative 
and fibrogenic HSCs.[30] In our study, proliferative 
rate of  HSC‑T6 were greatly increased by PDGF‑BB 

treatment. The pre‑treatment of  HSC‑T6 with MELT 
suppressed PDGF‑BB‑induced cell proliferation in 
concentration‑dependent manners [Figure 3].

It has been known that there are two classified groups of  
macrophages with the opposite role in inflammation, M1 
and M2. Especially, M1 macrophages (pro‑inflammatory) 
polar ized by cytokines  from Th1 ce l l s  might 
positively regulate hepatic fibrosis.[31,32] TNF‑α produced 
by macrophages activates NF‑κB signaling via the 
activation of  IκB‑kinase complex. Several in vitro studies 
have proposed that HSC activation is associated with the 
elevation of  (nuclear factor‑κB) NF‑κB activity.[33,34] Also 
in acute and chronic liver diseases in vivo, the elevated 
hepatic level of  TNF‑α was observed demonstrating 
the crucial role of  TNF‑α associated NF‑kB signaling 
in the activation of  HSCs.[35] In this regard, anti‑TNF 
strategy is believed to be beneficial for treating hepatic 
fibrosis. In our experimental system, in RAW264.7 
macrophage cells, the increased production of  nitrite 
or TNF‑α in culture media induced by LPS insult was 
slightly reduced by the pre‑treatment of  MELT but not 
significant demonstrating high specificity of  MELT on 
HSCs [Figure 5].

In summary, our data demonstrate that MELT reduced 
HSCs proliferation and subsequent collagen deposit 
induced by culturing environmental stimulation or 
PDGF‑BB treatment. Although further mechanistic studies 
are required to confirm this effect, L. tetragonum might 
be useful candidate for developing therapeutic agents for 
the prevention and treatment of  hepatic fibrosis. We plan 
to make a further study identifying active constituents 
responsible for antifibrotic activity of  L. tetragonum, 
as well as investigating the detailed action mechanism of  
active constituents.

Figure 5: Inhibitory effect of MELT on the production of nitrite and proinflammatory cytokine, TNF-α induced by LPS treatment in RAW264.7 
cells. RAW264.7 cells were treated with MELT for 30 min followed by LPS (100 ng/ml) treatment. The content of nitrite was measured by Griess 
assay, TNF- by ELISA assay. *P < 0.01 compared with LPS-only treated cells

a b
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