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Purpose: There is no effective treatment for liver fibrosis, which is a common phase during 

the progression of many chronic liver diseases to cirrhosis. Previous studies found that Semen 

Brassicae therapy can effectively improve the clinical symptoms of patients with asthma, allergic 

rhinitis, and chronic lung diseases; however, its effects on liver fibrosis in rats and its possible 

mechanisms of action remain unclear.

Methods: Rats were injected intraperitoneally with 4% thioacetamide aqueous solution 

(5 mL⋅kg-1) at a dose of 200 mg⋅kg-1 twice a week for 8 consecutive weeks to establish the 

liver fibrosis model and were then treated with different concentrations of Semen Brassicae 

extract. After Semen Brassicae treatment, the morphology of the liver tissue was analyzed using 

hematoxylin and eosin and Masson’s trichrome staining, and liver index and liver fibrosis grade 

were calculated. Thereafter, the levels of collagen-I, collagen-III, α-SMA, transforming growth 

factor (TGF)-β1, p-Smad 2/3, Smad 2/3, Smad4, NF-κB-p65, p-NF-κB-p65, IL-1β, IL-6, AKT, 

and p-AKT were determined using Western blotting.

Results: Compared with the untreated model group, the Semen Brassicae-treated group showed 

significantly decreased liver function indices; expression levels of collagen-I, collagen-III, and 

α-SMA; and hepatic fibrosis. Further studies also showed that the expression of TGF-β1, Smad4, 

p-Smad 2/3/Smad 2/3, p-NF-κB-p65/NF-κB-p65, IL-1β, IL-6, and p-AKT/AKT significantly 

decreased after the treatment.

Conclusion: These results indicate that Semen Brassicae exhibits an anti-hepatic fibrosis effect, 

and the underlying mechanism of action may be related to the regulation of TGF-β1/Smad, 

NF-κB, and AKT signaling pathways and the reduction of extracellular matrix deposition.

Keywords: hepatic fibrosis, Semen Brassicae, NF-κB, AKT, TGF-β1

Introduction
Liver fibrosis refers to the pathological process of diffuse and excessive deposition of 

extracellular matrix (ECM) in the liver from abnormal connective tissue proliferation, 

caused by a variety of pathogenic factors. It is a necessary phase of the progression 

of various chronic liver diseases to cirrhosis. The liver fibrosis process is reversible, 

and early intervention can delay or even prevent its progression.1

The treatment for liver fibrosis has advanced considerably, but no effective anti-

fibrotic drugs are available.2–4 In recent years, traditional Chinese medicine formula-

tions have been shown to exhibit great efficacy in treating liver fibrosis, with good 

prospects for application.5–10 Traditional Chinese medicine practitioners believe that 
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“phlegm to hinder collaterals” is the basic pathogenesis of 

liver fibrosis, and therefore, suggest “eliminating phlegm 

and freeing channels” as one of the potential treatments for 

liver fibrosis. Semen Brassicae, the seed of Brassica alba 

(L) Boiss, a plant of the family Brassicaceae, is widely 

used to treat diseases. The main components of Semen 

Brassicae are sinalbin, sinapine, and sinapic acid. Sinapine 

and mesylate are soluble in water. Previous studies found 

that Semen Brassicae therapy can effectively improve the 

clinical symptoms of patients with asthma, allergic rhinitis, 

and chronic lung diseases.11–14 Traditional Chinese medicine 

practitioners believe that Semen Brassicae has the “elimi-

nating phlegm” property and that it is a potential drug for 

the treatment of liver fibrosis. Our previous study also found 

that water extracts of Semen Brassicae have preventive and 

therapeutic effects, including phlegm-dissolving effects 

on hepatic fibrosis.15 However, the anti-hepatic fibrosis 

effect and mechanisms of Semen Brassicae need further 

study. Therefore, in this study, we established a rat liver 

fibrosis model to study the anti-fibrotic effect of Semen 

Brassicae and its underlying mechanisms in rat liver.

Materials and methods
Preparation of semen Brassicae
An amount of 500 g of Semen Brassicae (Zhangshu Qingren 

Chinese Drinkadie Medicine Co., Zhangshu, China; catalog 

number: 1311234) was extracted by boiling in distilled 

water three times for 1 h each time and then filtered using 

gauze. Then, all three extract filtrates were combined and 

concentrated to 500 mL using a rotary evaporator to obtain 

the final Semen Brassicae extract at a concentration of 1.0 

g⋅mL-1, which was subsequently diluted with distilled water 

to working concentrations of 0.25, 0.5, and 1.0 g⋅mL-1 for 

use in the various experiments.

Animal husbandry
A total of 48 specific pathogen-free male Sprague-Dawley 

rats weighing 160–200 were used. All animals were pur-

chased from Hunan SJA Laboratory Animal Co, Ltd. 

(Changsha, China; license number: SCXK [Xiang] 2013-

0004, certification number: 43004700008607). They were 

allowed to adapt to the environment and were given free 

access to water and food for 7 days. Room temperature 

was maintained at 18°C–20°C with relative humidity at 

50%–60%; the room was continuously ventilated. All animal 

experiments were approved by the Animal Care and Use 

Committee of Gannan Medical University, and conducted 

according to National Institutes of Health guidelines.  

The experiments were performed in accordance with the 

Guide for the Care and Use of Laboratory Animals published 

by the US National Institutes of Health (NIH publication 

number 85-23, revised 1985). According to these guidelines, 

efforts were made to minimize animal suffering and reduce 

the number of animals used.

Establishment of liver fibrosis model and 
treatment
Thioacetamide (TAA) is used to establish models of both 

acute and chronic experimental hepatic injury. In previous 

studies, 300 mg⋅kg-1 or 400 mg⋅kg-1 TAA was intraperito-

neally injected for induction of acute experimental hepatic 

injury.16,17 Previous studies suggested the use of 200 mg⋅kg-1 

TAA for the establishment of models of chronic experimental 

hepatic injury with advanced fibrosis.18,19 The rat liver fibrosis 

model was established according to a previously described 

method.20 The control group and the remaining 40 rats 

were all injected intraperitoneally with 4% TAA aqueous 

solution (5 mL⋅kg-1) at a dose of 200 mg⋅kg-1 twice a week 

for 8 consecutive weeks. The 40 Sprague-Dawley rats that 

developed liver fibrosis were randomly divided into the 

following five groups (n = 8): model, positive control drug 

treatment (50 mg⋅kg-1 silybin, batch number: 130115, Tasly 

Pharmaceutical Group Co., Tianjin, China), low-dose Semen 

Brassicae (BL), medium-dose Semen Brassicae (BM), and 

high-dose Semen Brassicae treatment (BH). Thirty-two 

Sprague-Dawley rats that were injected intraperitoneally with 

the same volume of normal saline were randomly divided 

into the following four groups (n = 8): control, control+BL, 

control+BM, and control+BH groups.

The doses of Semen Brassicae were determined and 

dose conversion was performed as described previously.21 

Briefly, the usual dosage of Semen Brassicae in adults is 

10 g⋅day-1, and according to the “human and animal body 

weight conversion chart” (the conversion factor for adult 

humans and rats is 6.25), the equivalent dosage of Semen 

Brassicae in rats is 1.0 g⋅kg-1. This was set as the medium 

dose, and considering the multiplication factors of 0.5, 1.0, 

and 2.0, the BL, BM, and BH dosages were determined 

to be 0.5, 1.0, and 2.0 g⋅kg-1, respectively. From day 2 of 

model establishment, the rats in each group were treated with 

the drugs at 2 mL⋅kg-1 body weight by gavage once a day 

for 8 weeks. The rats in the positive drug treatment group 

were administered 2.5 mg⋅mL-1 silybin solution at a dose of 

50 mg⋅kg-1 body weight by gavage, while rats in the control 

and model groups were administered similar volumes of 

normal saline.
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Morphological examination of liver tissue 
After the last drug administration, the animals were fasted 

for 12 h, but they were allowed water, and then they were 

weighed and anesthetized with ether. After the animals were 

euthanized, their entire livers were dissected, washed with 

normal saline, weighed, and the general liver morphology was 

examined. The liver index was calculated using the following 

equation: liver index = liver weight (mg)/body weight (g). 

The corresponding parts of the right lobes of the rat 

livers from each group were fixed with 4% formalin for 24 h, 

washed, dehydrated, hardened, cleared and wax infiltrated, and 

then the samples were embedded in paraffin and sectioned at 

4 μm. Hematoxylin and eosin (H&E) and Masson’s trichrome 

staining were performed according to the kit manufacturers’ 

instructions (Beijing Solarbio Science and Technology Co., 

Ltd., Beijing, China). The degree of liver fibrosis and inter-

stitial collagen morphology were observed under an optical 

microscope, and the liver fibrosis was graded as described 

previously.22 Fibrosis was scored as follows: grade 0, normal 

liver; grade 1, an increase in collagen matrix accumulation 

without the formation of septa (small stellate expansions of the 

portal fields); grade 2, formation of incomplete septa from the 

portal tract to the central vein (septa that do not interconnect 

with each other); grade 3, complete but thin septa intercon-

necting with each other to divide the parenchyma into separate 

fragments; grade 4, same as grade 3, except for the presence 

of thick septa (complete cirrhosis).

Western blot analysis
Western blot analysis was used to detect the protein expres-

sion in the liver tissue. Briefly, the liver tissue samples were 

minced on ice, the protein lysis buffer was added, and then the 

tissue was homogenized. The samples were mixed by rotating 

the tubes at 4°C for 1 h, and after centrifugation at 12,000 rpm 

at 4°C, the supernatant was collected. The protein concentra-

tions of the liver tissue samples were quantified using the 

BCA protein quantification kit (Tiangen Biotech (Beijing) 

Co., Ltd., Beijing, China), and subsequently aliquoted into 

samples of 50 μg protein. The protein samples were electro-

phoresed using an 8% separation gel and transferred onto a 

nitrocellulose membrane (BioTrace™, Pensacola, FL, USA), 

which was incubated in Tris-buffered saline plus Tween 

(TBST) containing 5% skimmed milk and then blocked for 

1 h at room temperature on a horizontal shaker. The mem-

branes were incubated with antibodies against collagen-I, 

collagen-III, α-smooth muscle actin (SMA), phosphorylated 

(p)-Smad 2/3, Smad 2/3, Smad4, transforming growth factor 

(TGF)-β1 (Abcam, Cambridge, MA, USA; 1:800 dilution), 

Akt, p-Akt, p-nuclear factor (NF)-κB, NF-κB, and β-actin 

(Cell Signaling Technology, Danvers, MA, USA; 1:1,000 

dilution) at 4°C on a rotating shaker overnight. The mem-

branes were subsequently washed with TBST three times for 

5 min each time, followed by incubation with horseradish 

peroxidase (HRP)-labeled goat anti-rabbit IgG (H+L; ZSGB 

Bio, Beijing, China; 1:5,000 dilution) for 1 h at room tem-

perature on a horizontal shaker. Then, the membranes were 

washed with TBST twice for 5 min each time, followed by 

chemiluminescent detection. The protein band areas were 

quantified using the Image Lab 6.0 software, and the β-actin 

antibody was used as the internal reference.

statistical analysis
The data were analyzed using the Statistical Package for the 

Social Sciences (SPSS) 20.0 (IBM Corporation, Armonk, 

NY, USA) statistical software. The measurement indices 

were presented as the mean ± standard deviation (SD). An 

analysis of variance (ANOVA) was used for the overall 

comparison of the measurement indices between groups. The 

Newman-Keuls t-test was used for multiple comparisons of 

the means of each group and the model group, and a P , 0.05 

was considered statistically significant.

Results
semen Brassicae improves morphology of 
the livers in a rat model of liver fibrosis
The liver index of each group is shown in Figure 1 and com-

pared with that of the normal group, the liver index of the 

model group significantly increased (P , 0.05). Compared 

with that of the model group, the liver index of the treatment 
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Figure 1 liver index of each group.
Notes: ***P , 0.001, control groups vs model groups; #P , 0.05 and ###P , 0.001 
vs model groups.
Abbreviations: Bl, low-dose semen Brassicae; BM, medium-dose semen Brassicae; 
Bh, high-dose semen Brassicae.
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groups decreased to different degrees; the BM treatment 

group, in particular, showed the most significant decrease. 

Changes in the structure and morphology of the rat liver 

tissues were examined using H&E staining (Figure 2). The 

results showed that in the control group and control+BL/

BM/BH group, the liver lobular structure was complete, the 

boundaries were clear, the liver cords radiated outward from 

the central vein in the middle, and the hepatic cells were in 

close contact while the cell nuclei were large and round with 

clear nucleoli and abundant cytoplasm. Furthermore, the 

portal areas showed no inflammatory cell infiltration, and the 

structure was clearly visible. The model group rats showed 

destruction of the liver tissue structure while the arrangement 

of the hepatic cells was disordered and exhibited steatosis, 

hepatocyte necrosis, fibrous tissue hyperplasia in the portal 

areas, and inflammatory cell infiltration in the portal and 

surrounding areas. The silybin group showed improvement 

of the damage to the lobular structure and steatosis of the 

rat liver tissues while the collagen fiber hyperplasia was 

reduced. The microscopic analyses of the BL, BM, and BH 

tissue samples revealed a reduction in damage of liver lobular 

structure as well as an improvement in liver cell edema and 

steatosis, inflammatory cell infiltration, and other aspects to 

varying degrees compared with levels in the model group. 

Furthermore, the BM and BH treatments showed better effi-

cacy than BL. Additionally, BL, BM, and BH treatment in 

control rats had no hepatotoxic effect according to the results 

of liver index and H&E staining (Figures 1 and 2).

Treatment of a rat model of liver fibrosis 
with semen Brassicae
The Masson’s trichrome staining results are shown in 

Figure 3. The control group tissue samples showed stained 

fibers in the central vein wall of the hepatic lobules, and a 

small amount of fiber deposition in interlobular septum. In the 

model group, the collagen fibers significantly increased, 

and the fibrous septum of hepatic lobule was formed. The 

fiber deposition around the central vein and the portal area 

increased, and it interacted with the neighboring septa, and 

both were wrapped around each other. In the silybin group, 

the proliferation of collagen fibers decreased, the fibrosis 

was improved, and some blue fibers were found around the 

vessels. The BL, BM, and BH groups showed a significant 

reduction in the collagen fibrous tissue compared with the 

Control Model Silybin

BL BM BH

Control+BL Control+BM Control+BH

Figure 2 liver tissue structure and morphology of various groups. 
Note: H&E staining in rats (magnification, ×200).
Abbreviations: Bl, low-dose semen Brassicae; BM, medium-dose semen Brassicae; Bh, high-dose semen Brassicae; h&e, hematoxylin and eosin.
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model group. The level of fibrosis decreased, and a small 

amount of thin blue fibers was found around the blood 

vessels. Furthermore, the anti-fibrotic effects of the BM 

and BH treatments were better than that of the BL. The 

liver fibrosis was scored in each group (Figure 4) and the 

results indicated that the silybin, BL, BM, and BH treatments 

reduced the liver fibrosis, and the efficacy of the BM and BH 

treatments was comparable to that of silybin but better than 

that of BL. The results were similar to those of the Masson’s 

trichrome staining. Additionally, BL, BM, and BH treat-

ment in control rats had no hepatotoxic effect according to 

the results of Masson’s trichrome staining and liver fibrosis 

score (Figures 3 and 4).

semen Brassicae decreases the expression 
of collagen-i, collagen-iii, and α-sMa in the 
liver tissue of rats with hepatic fibrosis
The expression levels of collagen-I, collagen-III, and α-SMA 

proteins were detected using Western blot analysis (Figure 5) 

and the model group levels were significantly higher than 

those of the control group. Compared with that in the con-

trol group, the expression levels of collagen-I, collagen-III, 

and α-SMA proteins showed no obvious change in the 

control+BM group. Furthermore, compared with the model 

group, the expression levels of these proteins decreased to 

varying degrees after treatment with BL, BM, and BH. More-

over, BM treatment decreased the collagen-I, collagen-III, 

and α-SMA proteins most significantly. 

Figure 4 Live fibrosis score of each group. 
Notes: ***P , 0.001, control groups vs model groups; ##P , 0.01 and ###P , 0.001 
vs model groups.
Abbreviations: Bl, low-dose semen Brassicae; BM, medium-dose semen Brassicae; 
Bh, high-dose semen Brassicae.

Control Model Silybin

BMBL BH

Control+BMControl+BL Control+BH

Figure 3 Masson’s trichrome staining showing collagen deposition in rat liver tissue. 
Note: Magnification, ×200.
Abbreviations: Bl, low-dose semen Brassicae; BM, medium-dose semen Brassicae; Bh, high-dose semen Brassicae.
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semen Brassicae regulates the TgF-β1/ 
p-smad, nF-κB, and aKT signaling pathways 
in liver samples of a rat model of fibrosis
The expression levels of TGF-β1, p-Smad 2/3, Smad 2/3, 

Smad4, NF-κB-p65, p-NF-κB-p65, IL-1β, IL-6, AKT, and 

p-AKT were detected using Western blotting (Figure 6). 

Compared with those in the control group, the levels of 

TGF-β1, Smad4, p-Smad 2/3/Smad 2/3, p-NF-κB-p65/

NF-κB-p65, IL-1β, IL-6, and p-AKT/AKT showed no 

obvious change in the control+BM group, while the levels 

in the model group were significantly enhanced. Further-

more, compared with those in the model group, the levels 

of TGF-β1, Smad4, p-Smad 2/3/Smad 2/3, p-NF-κB-p65/

NF-κB-p65, IL-1β, IL-6, and p-AKT/AKT were altered 

to different degrees after treatment with Semen Brassicae. 

The BM treatment showed the most significant effects on 

the levels of TGF-β1, Smad4, p-Smad 2/3/Smad 2/3, p-NF-

κB-p65/NF-κB-p65, IL-1β, IL-6, and p-AKT/AKT.

Discussion
The occurrence and development of liver fibrosis is a 

complex multi-factorial and multi-step process. It has been 

difficult to achieve a breakthrough in anti-fibrotic therapy 

by focusing on only a single target, pathway, or pathologi-

cal aspect. Currently, there is no widely accepted effective 

anti-hepatic fibrosis drug available.23 The mechanisms of the 

anti-hepatic fibrosis effect of traditional Chinese medicines 

involve multiple aspects, levels, and targets in the pathophysi-

ological process of liver fibrosis and, therefore, show unique 

advantages.24 The results of this study indicate that compared 

with the control group, the expression levels of collagen-I, 

collagen-III, and α-SMA in the liver tissues of the TAA-

induced liver fibrosis rat model increased, and the collagen 

deposition was obvious and the degree of fibrosis increased. 

Activation of hepatic stellate cells (HSCs) is a central event 

in the development of hepatic fibrosis.25 Liver damage can 

lead to the activation of HSCs, which are subsequently 

α

α

β

Figure 5 expression levels of collagen-i, collagen-iii, and α-SMA proteins detected using Western blot analysis of tissue from each group of rats with liver fibrosis. 
Notes: **P , 0.01 and ***P , 0.001 vs control groups; #P , 0.05, ##P , 0.01, and ###P , 0.001 vs model groups.
Abbreviations: Bl, low-dose semen Brassicae; BM, medium-dose semen Brassicae; Bh, high-dose semen Brassicae.
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transformed into α-SMA-positive cells that proliferate, 

migrate, contract, and secrete ECM. α-SMA is an important 

marker of HSC activation.

Compared with the model group, the expression levels of 

collagen-I, collagen-III, and α-SMA in the liver tissues from 

the hepatic fibrosis rat model decreased significantly after 

treatment with Semen Brassicae. Furthermore, the collagen 

deposition was also significantly reduced, and the degree of 

fibrosis was greatly improved, suggesting that Semen Bras-

sicae inhibited the expression of collagen-I, collagen-III, 

and α-SMA, reduced liver fibrosis, and improved the liver 

tissue structure. Furthermore, BM treatment showed a better 

efficacy than that of BL, BH, and silybin treatments. The 

dose of Semen Brassicae was verified after many years in 

traditional Chinese medicine. The BM dose is based on 

the clinical dose for adults, same with the dose of clinical 

medication, which was a potential reason for BM to have 

had the most beneficial effect on liver fibrosis.

Activated HSCs interact with surrounding hepatic, 

endothelial, and immune cells, and secrete a variety of inflam-

matory factors and chemokines to promote fibrosis. The regu-

lation of several cell signaling pathways is involved in this 

process, and the most important pathways are TGF-β1/Smad, 

NF-κB, and AKT.26–28 TGF-β1, which is mainly synthesized 

by HSCs, Kupffer cells, and sinusoidal endothelial cells pro-

motes the proliferation of HSCs, and their myofibroblastic 

transformation is one of the strongest pro-fibrotic factors.26 

TGF-β1 also strongly stimulates HSCs to produce collagen-I 

and collagen-III to produce a large amount of ECM, while 

inhibiting ECM degradation.29 TGF-β1 also binds to its 

κ

κ

β

β

β

β

β

κ κ

Figure 6 The levels of TgF-β1, smad4, p-smad 2/3/smad 2/3, p-nF-κB-p65/nF-κB-p65, il-1β, IL-6, and p-AKT/AKT detected using Western blot analysis of tissue from 
each group of rats with liver fibrosis. 
Notes: **P , 0.01 and ***P , 0.001 vs control groups; #P , 0.05, ##P , 0.01, and ###P , 0.001 vs model groups.
Abbreviations: Bl, low-dose semen Brassicae; BM, medium-dose semen Brassicae; Bh, high-dose semen Brassicae.
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receptors on the cell membrane and phosphorylates the 

receptor-related Smad 2/3 proteins. The conformation of 

activated Smad 2/3 changes, leading to its release from the 

receptor complex to reacting with Smad4 to form a Smad 

2/3-Smad4 complex.28 The transportation of this complex 

to the nucleus enhances the expression of α-SMA by HSCs, 

which further activates the HSCs.28 NF-κB is an important 

transcription factor, which is involved in many physiological 

and pathological processes, such as inflammation, apoptosis, 

and liver fibrosis.30 NF-κB activation can contribute to hepa-

tocyte injury and subsequent inflammation. Subsequently, 

massive hepatocyte death and inflammation may activate 

HSCs, leading to fibrosis.31 PI3K/AKT signaling is associated 

with cell growth, apoptosis, differentiation, and regulation. 

Silencing of the PI3K/AKT signaling enhanced the expres-

sion of α-SMA and vimentin, promoted the viability and 

migration of HSCs, and induced liver fibrosis.32 A previous 

study showed that quercetin, a traditional Chinese medicine, 

prevents hepatic fibrosis by inhibiting HSC activation via 

the TGF-β1/Smads and PI3K/Akt pathways.33 The results of 

this study show that the levels of TGF-β1, Smad4, p-Smad 

2/3/Smad 2/3, p-NF-κB-p65/NF-κB-p65, IL-1β, IL-6, and 

p-AKT/AKT in the liver tissue of the TAA-induced hepatic 

fibrosis rat model significantly increased compared to the 

levels in the control group. Furthermore, compared with 

those in the model group, the levels of TGF-β1, Smad4, 

p-Smad 2/3/Smad 2/3, p-NF-κB-p65/NF-κB-p65, IL-1β, 

IL-6, and p-AKT/AKT in the liver tissues of the hepatic 

fibrosis rat model were significantly reduced after treatment 

with Semen Brassicae, suggesting that Semen Brassicae 

inhibited the expression of these proteins. This indicates that 

the anti-hepatic fibrosis effect of Semen Brassicae may be 

mediated by the TGF-β1/Smad, NF-κB, and AKT pathways. 

Treatment with BM reduced the levels of TGF-β1, Smad4, 

p-Smad 2/3/Smad 2/3, p-NF-κB-p65/NF-κB-p65, IL-1β, 

IL-6, and p-AKT/AKT more significantly than treatments 

with BL/BH and silybin.

Conclusion
The results of this study indicate that the underlying mecha-

nisms of the anti-fibrotic effect of Semen Brassicae in the 

liver may be mediated by the regulation of TGF-β1/Smad, 

NF-κB, and AKT signaling pathways, which reduce the 

excessive deposition of ECM.
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