
O R I G I N A L  R E S E A R C H

Protective Effects of Silymarin Against D-Gal/LPS- 
Induced Organ Damage and Inflammation in Mice

Xin Zhao 1–3,* 
Haoxiang Wang4,* 
Yue Yang1,5 

Yuting Gou1,5 

Zhiying Wang6 

Dingyi Yang7 

Chong Li1–3

1Chongqing Collaborative Innovation 
Center for Functional Food, Chongqing 
University of Education, Chongqing, 
400067, People’s Republic of China; 
2Chongqing Engineering Research Center 
of Functional Food, Chongqing University 
of Education, Chongqing, 400067, 
People’s Republic of China; 3Chongqing 
Engineering Laboratory for Research and 
Development of Functional Food, 
Chongqing University of Education, 
Chongqing, 400067, People’s Republic of 
China; 4Department of Neurology, 
Second Affiliated Hospital of Army 
Medical University, Chongqing, 400037, 
People’s Republic of China; 5College of 
Biological and Chemical Engineering, 
Chongqing University of Education, 
Chongqing, 400067, People’s Republic of 
China; 6School of Pharmacy, Heilongjiang 
University of Traditional Chinese 
Medicine, Harbin, 150040, People’s 
Republic of China; 7Key Laboratory for 
Biorheological Science and Technology of 
Ministry of Education (Chongqing 
University), Chongqing University Cancer 
Hospital & Chongqing Cancer Institute & 
Chongqing Cancer Hospital, Chongqing, 
400044, People’s Republic of China  

*These authors contributed equally to 
this work  

Aim: Silymarin contains various flavonoids and exhibits antioxidative, anti-inflammatory, 
and anticancer effects, in addition to other pharmacological properties. This study explored 
the alleviating effect of silymarin on multiple-organ damage induced by D-galactose/lipopo
lysaccharide in Kunming mice.
Methods: Kunming mice were injected intraperitoneally with D-galactose (30 mg/kg·BW)/ 
LPS (3 μg/kg·BW) and then treated using silymarin with different doses (75 mg/kg·bw and 
150 mg/kg·bw) via intragastric administration. Changes in organ indexes, pathological 
changes, liver-function index, biochemical indexes, molecular biological indexes, and 
genes related to the oxidation and inflammation of main organs were evaluated.
Results: After the mice were treated with silymarin, their body weight showed no significant 
change, and the liver, kidney, and lung indexes of the treated mice were higher than those of 
the model group; meanwhile, the corresponding histopathological formation was reduced. 
Compared with the model group, the silymarin-treated group showed reductions in ALT, 
AST, and liver function indexes in the mouse serum. Silymarin treatment also increased the 
SOD, CAT, GSH, GSH-Px, T-AOC, IL-10, and IL-12 levels, as well as reduced the MDA, 
NO, IL-6, IL-1β, TNF-α, IFN-γ levels in the mouse serum and liver tissues. In addition, 
quantitative polymerase chain reaction analysis indicated that the mRNA expression levels of 
SOD1, SOD2, CAT, GSH-Px, IL-10, Nrf2, HO-1, NQO1, Trx, and IκB-α were higher in the 
liver tissue of the silymarin-treated mice than in those of the model group; meanwhile, the 
mRNA expression levels of IL-6, IL-1β, TNF-α, IFN-γ, NF-κB, NLRP3, COX2, and p38 were 
lower than those in the model group.
Conclusion: Silymarin, which exhibits antioxidative and anti-inflammatory effects, can 
alleviate the liver, lung, and kidney damage induced by D-galactose/lipopolysaccharide. 
High-dose (150 mg/kg·bw) silymarin can more effectively inhibit organ damage, compared 
with low-dose silymarin (75 mg/kg·bw) in Kunming mice.
Keywords: silymarin, organ injury, D-galactose/lipopolysaccharide, antioxidation, anti- 
inflammation

Introduction
Sepsis is a clinical syndrome, with infection as the pathological basis and inflamma
tory response as the basic pathological change. It can often cause damage to multiple 
systems and multiple organs and ultimately lead to multiple-organ failure. The course 
of inflammation in patients usually ranges from inflammatory reactions to sepsis, 
severe sepsis, septic shock, and multiple-organ failure. Owing to relatively weak 
immunity, infants and the elderly are more likely to induce sepsis and sepsis-related 
deaths than other patient groups.1 The mechanisms underlying sepsis and secondary 
organ injury (liver, lung, kidneys, and other important organs) leading to death and 
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inflammation have yet to be determined. Liver injury can 
also induce and aggravate injury to other organs. The reason 
is that the liver has important functions, such as detoxifica
tion and immunity. Currently, the main mechanisms of sep
sis-induced liver injury include microcirculation 
disturbance, energy metabolism disturbance of hepatocytes, 
dysfunction of hepatocytes and liver, effects of endotoxins, 
oxygen-free radicals, and lipid peroxidation.2–6 No effective 
clinical treatment has been developed for complications 
caused by sepsis, although the initial inflammation is widely 
regarded as the cause of organ damage. Therefore, sepsis 
should preferably be treated by regulating the immune 
inflammatory response.

A component of the external cell wall of Gram-negative 
bacteria, lipopolysaccharide (LPS) can induce a severe 
inflammatory response in organs, leading to severe systemic 
inflammatory response syndrome. Liver cells, including 
Kupffer cells, hepatocytes, and sinusoidal gland endothelial 
cells, can absorb LPS in the blood circulation after LPS 
injection in vivo.7 Excessive intake of D-galactose can 
lead to peroxidation of cells and tissues and the production 
of oxidation products.8 In addition, D-galactose can enhance 
the sensitivity of liver cells to LPS, as well as induce liver 
damage and an abnormal increase in serum TNF-α in a low- 
concentration LPS environment.9

Silymarin is extracted from the seeds of Silybum mar
ianum L. Gaertn (also known as milk thistle).10 Silymarin 
is a mixture containing various flavonoids, mainly includ
ing silybin, silydianin, silychristin, and other active 
ingredients.11 This mixture acts as an antioxidant, an anti- 
inflammatory, and an anti-cancer; moreover, it protects the 
liver and lowers enzymes and lipids, particularly in the 
treatment of liver diseases.12,13

In the present study, we used LPS and D-Gal to induce 
organ damage caused by sepsis in mice to explore the 
function of silymarin in endotoxic organ damage, particu
larly liver damage, and further analyze its histological 
changes, oxidation and inflammatory factor levels, and 
the possible molecular mechanism of action.

Materials and Methods
Chemicals
We used a commercial silymarin product (item number: 
S25549, UV≥80%) rich in flavonoids, mainly including 
silybin, isosilybin, silydianin, and silychristin (structural 
formula is shown in Figure 1), among which silybin con
tent is about 70%, manufactured by Shanghai Yuanye Bio- 

Technology Co., Ltd. (Shanghai, China). D-galactose 
(item number: IG0540) and LPS (item number: L8880, 
from Escherichia coli 055: B5) were supplied by Beijing 
Solarbio Science & Technology Co., Ltd. (Beijing, China).

Animals
The experiment was conducted on male Kunming mice 
aged 6–8 weeks and weighing 35–40 g (Experimental 
Animal Center of Chongqing Medical University, 
Chongqing, China). The experimental mice were isolated 
and placed in an animal room at 20 °C–25 °C with 50%– 
60% humidity, and the circadian rhythm was the standard. 
Animals were given free access to standard diet and water. 
They were kept in a standard laboratory cage for 1 week 
and were randomly divided into 4 groups of 10 animals 
each: the control group, the model group, the Silymarin-L 
group, and the Silymarin-H group.

Experimental Treatment
The mice in the control group were given distilled water 
by gavage daily and normal saline via intraperitoneal 
injection daily. The mice in the model group were also 
given distilled water by gavage daily and D-gal (30 mg/ 
kg·bw)/LPS (3 μg/kg·bw) via intraperitoneal injection 
daily. In the silymarin-L group, D-Gal (30 mg/kg·BW)/ 
LPS (3 μg/kg·bw) was given via intraperitoneal injection 
after intragastric administration of silymarin (75 mg/ 
kg·bw) daily, while in the silymarin-H group, D-Gal 
(30 mg/kg·bw)/LPS (3 μg/kg·bw) was given via intraper
itoneal injection after intragastric administration of sily
marin (150 mg/kg·bw) daily.14 The intragastric (or 
intraperitoneal) dose was 0.1 mL/10 g of body weight. 
D-Gal and LPS were dissolved in normal saline and admi
nistered via intraperitoneal injection. Silymarin suspension 
was prepared with distilled water and administered via 
gavage. During the experiment (4 weeks), the four groups 
of experimental mice were given intragastric and intraper
itoneal injections every day, and were given an equal and 
sufficient standard diet. After the experiment for 4 weeks, 
all mice underwent fasting for 18 h to eliminate some 
components in diet that may have an impact on the detec
tion indicators during which period they were allowed to 
drink and move freely. Blood was collected from the retro 
orbital plexus of mice after ether anesthesia and then 
euthanized by cervical dissection. Liver, kidney, and lung 
tissues were obtained. Serum and tissues were stored at 
−80 °C for subsequent experiments. This study was 
approved by the Ethics Committee of Chongqing 
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Collaborative Innovation Center for Functional Food 
(202003050B, Chongqing, China) and adhered to the 
National Standards of the People’s Republic of China 
(GB/T 35892–2018) laboratory animal guidelines for ethi
cal review of animal welfare.

Weight and Organ Index Assays
During the treatment period, all mice were weighed weekly, 
and changes in body weight were recorded. After the mice 
were sacrificed, the liver, kidneys, and lungs were accurately 
weighed to determine the organ indexes.

Histological Examination
After sacrificing the mice, we also collected liver, lung, 
and kidney tissue samples for histological analysis. The 
samples were placed in a 10% formalin buffer solution for 
tissue fixation. They were then embedded in paraffin, 
sliced into 3 μm sections, and stained with standard hema
toxylin–eosin. A cross-sectional analysis was performed 
under a microscope (Olympus Tokyo, Japan).

Biochemical Assays
Mouse blood was centrifuged (4000 r/min, 10 min) to obtain 
the upper serum. Indicators of serum liver function (alanine 
aminotransaminase (ALT, item number: C009-2-1) and 

aspartate aminotransaminase (AST, item number: C010-2-1)) 
and oxidation (superoxide dismutase (SOD, item number: 
A001-3-2), catalase (CAT, item number: A007-1-1), glu
tathione (GSH, item number: A006-2-1), glutathione perox
idase (GSH-Px, item number: A005-1-1), total antioxidant 
capacity (T-AOC, item number: A015-3-1), malondialdehyde 
(MDA, item number: A003-4-1), and nitric oxide (NO, item 
number: A013-2-1)) in mice were measured using the assay 
kit (Jiancheng Institute of Bioengineering, Nanjing City, 
Jiangsu Province, China). Factors related to inflammation 
(IL-1β (item number: ml063132), IL-6 (item number: 
ml063159), IL-10 (item number: ml037873), TNF-α (item 
number: ml002095), IFN-γ (item number: ml002277), and 
IL-12 (item number: ml037868)) were measured using 
enzyme-linked immunosorbent assay kits (Shanghai Enzyme- 
linked Biotechnology Co., Ltd., Shanghai City, China).

A liver homogenate was prepared from 1 g of homo
genized liver tissue, with normal saline in the 1:9 ratio at 4 
°C. The previously mentioned oxidation-related indicators 
were determined using the kit (Jiancheng Institute of 
Bioengineering, Nanjing City, Jiangsu Province, China). 
The previously mentioned inflammation-related factors 
were determined using enzyme-linked immunosorbent 
assay kits (ABCAM, Cambridge, Massachusetts, USA).

Figure 1 Chemical structures of key components of silymarin in this study A: silybin; B: isosilybin; C: silydianin; D: silychristin.
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Gene Assays (RT-qPCR Method)
β-actin was selected as the internal reference for mRNA. 
Measurement was conducted as follows: Liver tissue was 
homogenized (Bioprep-24, Hangzhou Allsheng Instruments 
Co., Ltd., Hangzhou, China), lysed with the TRIzol reagent 
(Thermo Fisher Scientific, Inc., Waltham, MA, USA), 
extracted with chloroform, precipitated with isopropanol, 
washed with 75% ethanol, dissolved in water treated with 
diethyl pyrocarbonate (DEPC), and analyzed using 
a spectrophotometer to determine the level and purity of total 
RNA. According to the manufacturer’s suggestion (RevertAid 
First Strand cDNA Synthesis Kit; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA), 1 μL oligo (dT) 18 primer (500 ng) 
and 1.0 μL of RNA (1.0μg) were added to 10.0 μL of nuclease- 
free water, and heated on a gradient PCR instrument at 65°C 
for 5 minutes. Then, the mixed reagent containing 4.0 μL of 5× 
Reaction Buffer, 1.0 μL of Ribolock RNase Inhibitor (20 U), 
2.0 μL of 10 mM dNTP Mix and 1.0 μL of ReverAid Reverse 
Transcriptase (200 u/μL) were added to the above total RNA 
system. The mixture was reverse transcribed into cDNA at 
42°C for 60 minutes and 70°C for 5 minutes. The total reaction 
system (20 μL) consisted of 1.0 μL cDNA, 1.0 μL each of 
forward and reverse primers (10 μM), 10.0 μL premix 
(SYBR® Select Master Mix; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA), and 7.0 μL sterilized double-steamed 
water; it was mixed and reacted on an automatic thermal cycler 
(SteponePlus, Thermo Fisher Scientific, Inc., Waltham, MA, 
USA). The amplification conditions were as follows: dena
tured at 95 °C for 3 min, annealed at 60 °C for 30 s, and 
extended at 95 °C for 1 min and cycled 40 times. Gene 
expression was calculated using the 2−∆∆CT method.15 The 
primer sequences are listed in Table 1.

Statistical Analysis
The significant difference between groups was evaluated 
using SPSS ver. 20.0 (SPSS Inc., Chicago, Illinois, USA). 
The Shapiro–Wilk test and Quantile-Quantile Plot were 
used to test the data normality, and one-way ANOVA 
and Tukey’s test were used for analysis significance. The 
experiment was repeated three times. The results are 
expressed as mean ± standard deviation, and p<0.05 was 
considered statistically significant.

Results
Changes in Body Weight and Organ Index
Table 2 shows the weight change of mice in each group during 
the experiment, and the weight change is not significant 

(p>0.05). After the experiment, increases in body weight 
were observed: 24.24% in the control group, 20.94% in the 
model group, and 23.71% in the silymarin-H group.

Table 1 Primer Sequences in This Study

Gene Name Sequence

SOD1 Forward: 5ʹ-AACCAGTTGTGTTGTGAGGAC-3’
Reverse: 5ʹ-CCACCATGTTTCTTAGAGTGAGG-3’

SOD2 Forward: 5′-CAGACCTGCCTTACGACTATGG-3′
Reverse: 5′-CTCGGTGGCGTTGAGATTGTT-3′

CAT Forward: 5′-GGAGGCGGGAACCCAATAG-3′
Reverse: 5′-GTGTGCCATCTCGTCAGTGAA-3′

GSH-Px Forward: 5′-GTCGGTGTATGCCTTCTCGG-3′
Reverse: 5′-AGAGAGACGCGACATTCTCAAT-3′

IL-10 Forward: 5′-CTTACTGACTGGCATGAGGATCA-3′
Reverse: 5′-GCAGCTCTAGGAGCATGTGG-3′

IL-6 Forward: 5′-CTGCAAGAGACTTCCATCCAG-3′
Reverse: 5′-AGTGGTATAGACAGGTCTGTTGG-3′

TNF-α Forward: 5′-CAGGCGGTGCCTATGTCTC-3′
Reverse: 5′-CGATCACCCCGAAGTTCAGTAG-3′

IFN-γ Forward: 5′-GGCCTAGCTCTGAGACAATGAAC-3′
Reverse: 5′-TGACCTCAAACTTGGCAATACTC-3′

IL-1β Forward: 5′-GAAATGCCACCTTTTGACAGTG-3′
Reverse: 5′-TGGATGCTCTCATCAGGACAG-3′

Nrf2 Forward: 5′-TAGATGACCATGAGTCGCTTGC-3′
Reverse: 5′-GCCAAACTTGCTCCATGTCC-3′

HO-1 Forward: 5′-GATAGAGCGCAACAAGCAGAA-3′
Reverse: 5′-CAGTGAGGCCCATACCAGAAG-3′

NQO1 Forward: 5′-AGGATGGGAGGTACTCGAATC-3′
Reverse: 5′-TGCTAGAGATGACTCGGAAGG-3′

Trx Forward: 5′-TGCTACGTGGTGTGGACCTTGC-3′
Reverse: 5′-ACCGGAGAACTCCCCCACCT-3′

NF-κB Forward: 5′-ATGGCAGACGATGATCCCTAC-3′
Reverse: 5′-CGGAATCGAAATCCCCTCTGTT-3′

IκB-α Forward: 5′-CGCGGGATGGCCTCAAGAAGGA-3′
Reverse: 5′-GCCAAGTGCAGGAACGAGTCT-3′

NLRP3 Forward: 5′-ATTACCCGCCCGAGAAAGG-3′
Reverse: 5′-CATGAGTGTGGCTAGATCCAAG-3′

COX2 Forward: 5′-TTCCAATCCATGTCAAAACCGT-3′
Reverse: 5′-AGTCCGGGTACAGTCACACTT-3′

p38 Forward: 5′-CTGACCGACGACCACGTTC-3′
Reverse: 5′-CTTCGTTCACAGCTAGGTTGC-3′

β-Actin Forward: 5′-GAGAAAATCTGGCACCACACCT-3′
Reverse: 5′- GCACAGCCTGGATAGCAACGTA-3′
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As shown in Table 3, the largest decrease in organ 
index was observed in the model group treated with 
D-Gal/LPS. On the contrary, the organ index of silymarin 
group increased, but with high-dose silymarin, 
a significant difference was determined (p<0.05). The 
experiment confirmed that treatment with silymarin can 
prevent organ atrophy caused by D-Gal/LPS.

Evaluation of Histological Changes
As shown in Figure 2, control mouse liver cells with clear 
structures are neatly arranged; hepatocyte cords are sys
tematically arranged and distributed in a radial pattern. In 
the model group, the liver cell structure was damaged, 
poorly arranged, and characterized by indistinct bound
aries, inflammatory cell infiltration, and liver cell necrosis. 
Liver cell damage in mice was reduced in the silymarin 
group; specifically, the arrangement and structural integ
rity of hepatocytes treated with silymarin-H were close to 

those of hepatocytes in the control group. Liver tissue cells 
treated with silymarin-L improved, with a small amount of 
inflammatory cell infiltration. Therefore, treatment with 
silymarin-H can effectively prevent liver damage in mice.

As shown in Figure 3, in the control group, the structure of 
lung tissue cells shows no irregularity, the alveolar cavity is 
clear, the alveolar wall is intact, and no apparent edema occurs 
in the alveoli and lung interstitium. In the model group, the 
cells are characterized by damage to the alveolar structure, 
alveolar wall edema, lung interstitial thickening, alveolar cav
ity atrophy, and inflammation injury. Relative to the model 
group, the silymarin groups exhibited reduced lung tissue 
edema and improved morphology. Notably, the alveoli and 
interstitia of mice in the silymarin-H group showed less 
edema and inflammation than of those in the silymarin-L 
group. Therefore, treatment with silymarin-H can more effec
tively alleviate lung injury in mice.

As shown in Figure 4, glomeruli and tubules have regular 
shapes, neatly arranged cells, and clear structures. In the model 
group, glomerular atrophy, endothelial cell swelling, shedding, 
and necrosis accompanied by interstitial edema and inflamma
tory cell infiltration were observed. Relative to those in the 
model group, the structure and morphology of kidney tissue in 
the silymarin treatment groups were repaired, and inflamma
tory cell infiltration was reduced to varying degrees; moreover, 
silymarin-H exerted a better effect than silymarin-L. 
Therefore, silymarin-H can effectively improve kidney 
damage in mice.

AST and ALT Levels in Serum
The AST and ALT activities of mice in the model group 
increased significantly by 66.42% (p <0.05) and 77.21% 
(p <0.05), respectively (Table 4). Meanwhile, AST and ALT 

Table 2 Changes in Body Mass in Mice. (N=10/Group)

Weeks and Weight Change Rate Normal Model Silymarin-L Silymarin-H

Week 0 (g) 38.48±2.54A 37.96±1.41 37.97±1.19 38.64±2.28

Week 1 (g) 41.86±3.40 40.48±2.25 40.91±1.4 41.52±3.42

Week 2 (g) 44.12±3.58 43.40±3.24 42.27±1.27 44.69±4.18

Week 3 (g) 46.26±3.47 44.66±2.91 44.82±2.44 45.99±4.72

Week 4 (g) 47.81±3.33 45.91±3.46 45.96±2.66 47.8±4.1

Rate (%) 24.24 20.94 21.04 23.71

Notes: Model, treated with D-Gal/LPS (250 mg/kg·bw and 25 mg/kg·bw) injection; silymarin-L: treated with silymarin (75 mg/kg·bw) oral administration; silymarin-H: 
treated with silymarin (150 mg/kg·bw) oral administration. AValues presented are the mean±standard deviation (SD) of different organ coefficients. Rate (%) = (mice weight 
in week 4 - mice weight in week 0)/mice weight in week 0 × 100%.

Table 3 Effects of Silymarin on Organ Index of Liver, Lung and 
Kidney in Mice Induced by D-Gal/LPS (N=10/Group)

Groups Liver Index Lung Index Kidney Index

Normal 42.15±1.5aA 5.34±0.18b 13.96±0.55b

Model 34.10±2.63c 4.43±0.28c 11.26±0.49d

Silymarin-L 36.76±0.87c 5.32±0.17b 12.52±0.29c

Silymarin-H 38.78±1.3b 6.08±0.26a 14.84±1.07a

Notes: Model, treated with D-Gal/LPS (250 mg/kg·bw and 25 mg/kg·bw) injection; 
silymarin-L: treated with silymarin (75 mg/kg·bw) oral administration; silymarin-H: 
treated with silymarin (150 mg/kg·bw) oral administration. a–dThere was significant 
difference in different letters in the same column (P < 0.05), which was determined 
by Duncan’s multiple range test. AValues presented are the mean±standard devia
tion (SD) of different organ coefficients. Organ index (mg/g) = organ weight (mg)/ 
body weight (g).
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in the silymarin groups decreased to varying degrees, suggest
ing that silymarin exerts a certain protective effect on the liver 
of the mice.

SOD, CAT, GSH, GSH-Px, T-AOC, MDA, 
and NO Levels in Serum and Liver Tissue
After D-Gal/LPS induction, the serum (or liver tissue) SOD, 
CAT, GSH, GSH-Px and T-AOC levels of the model group 

mice were significantly lower than the other three groups, 
while the MDA and NO levels were significantly higher than 
the other three groups (p < 0.05, Table 5). The SOD, CAT, 
GSH-Px, GSH, and T-AOC serum levels were higher in the 
silymarin group than in the model group. Moreover, the effect 
of the silymarin-H group was better than that of silymarin-L. 
The MDA and NO levels showed opposite trends (p <0.05). 
Treatment with silymarin-H can more effectively increase the 
SOD, CAT, GSH-Px, GSH, and T-AOC serum levels in mice 
and inhibit the MDA and NO levels.

IL-6, IL-10, IL-12, IL-1β, TNF-α, and IFN-γ 
Levels in Serum and Liver Tissue
The serum (or liver) levels of IL-6, IL-1β, TNF-α, and 
IFN-γ in the model group were significantly higher, 

Figure 2 H&E pathological staining structure of liver tissues. Model: treated with 
D-Gal/LPS (30 mg/kg·bw/3 μg/kg·bw) intraperitoneal injection; silymarin-L: treated 
with silymarin (75 mg/kg·bw) intragastric administration; silymarin-H: treated with 
silymarin (150 mg/kg·bw) intragastric administration.

Figure 3 H&E pathological staining structure of lung tissues. Model: treated with 
D-Gal/LPS (30 mg/kg·bw/3 μg/kg·bw) intraperitoneal injection; silymarin-L: treated 
with silymarin (75 mg/kg·bw) intragastric administration; silymarin-H: treated with 
silymarin (150 mg/kg·bw) intragastric administration.

Figure 4 H&E pathological staining structure of kidney tissues. Model: treated with 
D-Gal/LPS (30 mg/kg·bw/3 μg/kg·bw) intraperitoneal injection; silymarin-L: treated 
with silymarin (75 mg/kg·bw) intragastric administration; silymarin-H: treated with 
silymarin (150 mg/kg·bw) intragastric administration.

Table 4 Serum Levels of AST and ALT in Mice (N=10/Group)

Groups AST (U/L) ALT (U/L)

Normal 8.40±0.72cA 8.69±3.62b

Model 13.98±0.39a 15.4±0.99a

Silymarin-L 10.87±1.38b 13.76±1.96a

Silymarin-H 8.8±1.26c 8.52±1.35b

Notes: Model, treated with D-Gal/LPS (250 mg/kg·bw and 25 mg/kg·bw) injection; 
silymarin-L: treated with silymarin (75 mg/kg·bw) oral administration; silymarin-H: 
treated with silymarin (150 mg/kg·bw) oral administration. a–cThere was significant 
difference in different letters in the same column (P < 0.05), which was determined 
by Duncan’s multiple range test. AValues presented are the mean±standard devia
tion (SD) of different organ coefficients.
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while the levels of IL-10 and IL-12 levels were sig
nificantly lower than the other three groups (p <0.05, 
Table 6). Treatment with silymarin can significantly 
reduce the serum (or liver) levels of IL-6, IL-1β, 
TNF-α and IFN-γ and increase the those of IL-10 and 
IL-12 (p <0.05). Moreover, the regulating effect of 
silymarin-H on cytokines is better than that of sily
marin-L group.

Expression of mRNA Related to 
Oxidative Stress and Inflammation in 
Liver Tissues
The mice in the model group showed the lowest expres
sion levels of SOD1, SOD2, CAT, and GSH-Px mRNA in 
liver tissues (Figure 5A). The mRNA expression levels of 
SOD1, SOD2, CAT, and GSH-Px were significantly 
increased in the silymarin-H group relative to those in 
the model group (p <0.05), which were close to those in 
the control group; meanwhile, silymarin-L exerted 
a weaker effect than that of silymarin-H.

As shown in Figure 5B, the mice in the model group 
show the lowest mRNA expression of IL-6, IL-1β, TNF-α, 
and IFN-γ and the mRNA expression of IL-10 in the liver 
tissue. After treatment with silymarin, the mice showed 
decreased expression of IL-6, IL-1β, TNF-α and IFN-γ 
mRNA in the liver and and increased mRNA expression 
of IL-10. And the therapeutic effect of silymarin-H group 
was better than silymarin-L group.

As shown in Figure 5C, the mRNA expression levels 
of Nrf2, HO-1, NQO-1, and Trx in the model mice were 
significantly lower than those in the control group. 
Treatment with silymarin-L increased the mRNA expres
sion of Nrf2, HO-1, NQO-1, and Trx. Specifically, the 
mRNA expression levels of Nrf2, HO-1, NQO-1, and Trx 
in the liver tissue of the silymarin-H group were higher 
than those in silymarin-L group.

As shown in Figure 5D, the mRNA expression levels 
of NF-κB, NLRP3, COX2, and p38 in the lives of the 
mice in the model group are higher than those of the 
other groups, whereas the mRNA expression of IκB-α 
shows the opposite trend. Relative to those of the mice 
in the model group, the NF-κB, NLRP3, COX2, and p38 
mRNA expression levels were decreased, whereas the 
mRNA expression of IκB-α was increased after sily
marin treatment, and the high-dose silymarin effect 
was better.Ta
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Discussion
Sepsis refers to the systemic inflammatory response syn
drome caused by infection. Bacterial endotoxin has been 
shown to possess the ability to induce sepsis. Uncontrolled 
inflammatory response, immune disorder, hypermetabo
lism, and multi-organ dysfunction in the pathophysiologi
cal process of sepsis can be directly or indirectly triggered 
by endotoxin.16 As one of the main components of the cell 
wall of pathogenic bacteria, LPS is released during the 
growth, reproduction, death, rupture or dissolution of bac
teria, prompting the release of multiple-organ damage and 
inflammation. Long-term incomplete metabolism of D-Gal 
can cause oxidative stress in the body, triggering inflam
mation. Simultaneously, D-Gal can increase the sensitivity 
of LPS and increase the lethality of mice. However, the 
mechanism of D-Gal/LPS inducing systemic inflammation 
has yet to be elucidated.17 Thus, intraperitoneal injection 
of D-Gal/LPS was used in the current study to construct 
a mouse model of systemic inflammation, and found that 
D-Gal/LPS can induce liver, lung, and kidney tissue 
lesions in mice, and oxidative stress and inflammation 
appeared, indicating that the model was successfully 
prepared.

Silymarin refers to a class of flavonolignans analogue 
compound formed by condensation of dihydroflavonols and 
phenylpropanin derivatives extracted from the milk thistle, 
originally native to the Mediterranean region, which can inhibit 
organ damage caused by D-Gal, alcohols, and other toxins.18,19 

Silymarin can protect liver cell membranes by inhibiting NO 
production and anti-glutathione emptying and antilipid perox
idation, as well as removing ROS from the body, synthesizing 
structural proteins and DNA, and repairing damaged liver 
cells.20–22 Silymarin also exerts antifibrotic and antitumor, 
anti-inflammatory, and pharmacological effects in the treat
ment of diabetes.23–25 The main active ingredient of “sily
marin” is silybin.26 Silymarin can reduce lactate 
dehydrogenase, NO, and ROS levels, as well as maintain 
redox balance.27 It can also inhibit the mitochondrial apoptosis 
pathway by maintaining the integrity of the mitochondrial 
function.28,29

This study found that excessive intake of D-Gal/LPS 
can lead to physiologic metabolic disorders in mice, 
thereby influencing weight gain. Moreover, the liver, kid
ney, and lung organ coefficients of mice with D-Gal/LPS 
injury were lower than those of mice in the control group. 
Silymarin can significantly increase liver, kidney, and lung 
coefficients, improve liver, lung, and kidney tissue lesions, Ta
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and reduce inflammatory cell infiltration.The finding indi
cates that a certain amount of silymarin in the human body 
can protect the liver, kidney, and lung systems from 
D-Gal/LPS damage; repair their tissue cells; and maintain 
the normal metabolic function of the tissue.

When the body is in a state of oxidative stress, the liver 
cells change, and cell membrane permeability increases, 
causing ALT and AST in the cytoplasm to leak into the 
blood. The ALT and AST in the blood increase signifi
cantly, and the degree of increase is positively correlated 
with the degree of liver damage.30 Research by 
Hajiaghamohammadi et al showed that patients with non- 
alcoholic fatty liver disease after silymarin treatment had 
a significant decrease in serum AST and ALT.24 The 
results of this experiment showed that compared with 
D-Gal/LPS-injured mice, after the intervention of sily
marin, the contents of ALT and AST in the mouse serum 
were significantly reduced, and the degree of liver damage 
was reduced, suggesting that silymarin can improve liver 
function in mice with liver injury.

Excess free radicals induced by D-Gal/LPS can oxidize 
liver cell proteins, DNA, and cell membranes to form 
MDA, an end product of lipid peroxidation. Combined 
MDA and free radicals damage biological membranes 
and induce liver damage.31 NO is a potentiating factor 
with cytotoxicity, which plays an amplifying role in lipid 
peroxidation and aggravates liver damage and pathology.32 

SOD, GSH-Px, and CAT in the body are endogenous 
antioxidants, which can scavenge free radicals in the 
body, resist oxidative stress induced by D-Gal/LPS, and 
protect damaged liver.33 Research by Kiruthiga et al found 
that silymarin can improve oxidative stress damage caused 
by benzo(a)pyrene and exogenous reactive oxygen species 
(H2O2), and enhance lipid peroxidation scavenging ability 
and antioxidant defense ability.21 The results of this 
experiment show that silymarin can exert an antilipid 
peroxidation effect by improving liver tissue SOD and 
GSH-Px activities. The mechanism may be the promotion 
of cysteine by flavonoids to participate in GSH synthesis 
and inhibit calcium overload in mitochondria. Moreover, 

Figure 5 mRNA expression in mice liver tissue with D-Gal/LPS-induced organ injury. (A) SOD1, SOD2, CAT and GSH-Px; (B) IL-6, IL-10, IL-1β, TNF-α and IFN-γ; (C) Nrf2, 
HO-1, NQO1 and Trx; (D) NF-κB, IκBα, NLRP3, COX2 and p38. Model: treated with D-Gal/LPS (30 mg/kg·bw/3 μg/kg·bw) intraperitoneal injection; silymarin-L: treated 
with silymarin (75 mg/kg·bw) intragastric administration; silymarin-H: treated with silymarin (150 mg/kg·bw) intragastric administration. a–dMean values with different letters 
in the same column are significantly different (p < 0.05) according to Tukey’s test.
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the levels of MDA and NO in the serum and liver of mice 
in the silymarin antagonist groups were reduced, indicat
ing that this silymarin exerted antilipid peroxidation and 
free-radical-scavenging effects. The mechanism may be 
the binding of the amino group in the flavonoid molecule 
to the oxidant to prevent oxidative stress, reducing MDA 
and NO production.

After injury, liver can produce a large amount of pro- 
inflammatory cytokines such as IL-1β, IL-6, TNF-α, and 
IFN-γ, causing inflammation. In addition, the upregulation 
of the expression of pro-inflammatory cytokines can 
further promote the infiltration of lymphocytes, macro
phages, and neutrophils into damaged organs and tissues, 
aggravate the inflammatory response, and form a vicious 
circle.34 Research by Kim et al showed that restraint stress 
can significantly increase the mRNA expression of TNF-α, 
IL-1β, and IL-6 in mice, whereas silymarin treatment 
clearly reversed the restraint stress-induced increase in 
the expression of these genes in the liver.22 The present 
study found that silymarin may reduce the inflammatory 
cytokines (IL-1β, IL-6, TNF-α, and IFN-γ) in the serum 
and liver and increase the level of anti-inflammatory (IL- 
10 and IL-12) factors, exhibiting a positive anti- 
inflammatory effect.

NF-κB is a transcription factor that participates in the 
regulation of gene expression during an inflammatory 
response. Excessive activation of NF-κB signaling path
way plays an important role in the occurrence of tissue 
damage.35 NF-κB is generally inhibited by IκB-α and 
exists in the cytoplasm in an inactive state. After IκB-α 
phosphorylation is activated under external stimuli, the 
inhibitory effect of NF-κB is relieved and enters the 
nucleus after phosphorylation to promote the transcription 
of target genes.36 Members of the mitogen-activated pro
tein kinase (MAPK) family mainly include p38 kinases, 
extracellular signal-regulated kinases, and c-Jun n-terminal 
kinases, which participate in various inflammatory reac
tions in the body. After the MAPK signaling pathway is 
activated, it can promote the release of numerous inflam
matory factors in the body, aggravating the inflammatory 
response.37 Cyclooxygenase-2 (COX-2) is an inducible 
enzyme less expressed in normal tissues and expressed 
when cells are induced by intracellular and extracellular 
stimuli, such as LPS, tumor necrosis factor, interleukin 
(IL)-1β, and so on.38 The results of the present study 
showed that the NF-κB and p38 gene expression in the 
model group was significantly higher than that in the 
control group, suggesting that D-Gal/LPS-induced mice 

may activate the NF-κB and MAPK signaling pathway 
and cause inflammatory damage. After the mice were 
treated with silymarin, NF-κB and p38 inflammatory fac
tors in the liver tissue were downregulated, and IκB-α 
gene expression was increased, indicating that silymarin 
can inhibit the inflammatory response, thereby alleviating 
liver damage. In addition, the gene expression level of 
COX-2 in the liver tissue was significantly reduced after 
silymarin treatment, increasing their anti-inflammatory 
activity.

Studies have shown that silymarin reduces LPS-induced 
acute lung injury by inhibiting the NLRP3 signaling pathway 
and can regulate thioredoxin (Trx), thus inhibiting the activa
tion of NLRP3 inflammasomes to reduce macrophage toxicity 
induced by paraquat.39,40 However, the mechanism of sily
marin in the treatment of multiple-organ damage induced by 
D-Gal/LPS requires further research. Nrf2 is an important 
transcription factor that regulates cellular oxidative stress 
response. By inducing and regulating the expression of anti
oxidant proteins, it reduces the damage caused by ROS and 
electrophilicity to cells, as well as maintains cell stability and 
dynamic redox balance. Both the stress protein HO-1 and the 
flavinase NQO1 play a role in anti-oxidation and anti- 
inflammation.41,42 The results of this experiment suggest that 
silymarin can enhance the anti-oxidation of Nrf2, HO-1, 
NQO1 and Trx in the liver and inhibit the NLRP3 inflamma
some to protect the liver.

Conclusions
Silymarin can reduce D-Gal/LPS-induced organ damage in 
Kunming mice, and this effect is positively correlated with 
concentration. It can increase organ indexes, inhibit tissue 
pathological changes, and regulate oxidative stress and 
inflammation in mice by increasing antioxidant activity 
and content, reducing peroxide production, increasing the 
level of immune regulatory factors, and inhibiting the 
release of pro-inflammatory factors. Moreover, its 
mechanism of action may be related to the activation of 
the Nrf2/HO-1 signaling pathway and inhibition of the 
NF-κB/NLRP3 signaling pathway.
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