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Abstract
BACKGROUND
Non-alcoholic fatty liver disease (NAFLD) is a common chronic liver disease
worldwide. However, to date, there is no ideal therapy for this disease.

AIM
To study the effects of Si-Ni-San freeze-dried powder on high fat diet-induced
NAFLD in mice.

METHODS
Twenty-four male C57BL/6 mice were randomized into three groups of eight.
The control group (CON) was allowed ad libitum access to a normal chow diet.
The high fat diet group (FAT) and Si-Ni-San group (SNS) were allowed ad libitum
access to a high fat diet. The SNS group was intragastrically administered Si-Ni-
San freeze-dried powder (5.0 g/kg) once daily, and the CON and FAT groups
were intragastrically administered distilled water. After 12 wk, body weight,
liver index, visceral fat index, serum alanine aminotransferase (ALT), portal
lipopoly-saccharide (LPS), liver tumor necrosis factor (TNF)-α and liver
triglycerides were measured. Intestinal microbiota were analyzed using a 16S r
DNA sequencing technique.

RESULTS
Compared with the FAT group, the SNS group exhibited decreased body weight,
liver index, visceral fat index, serum ALT, portal LPS, liver TNF-α and liver
triglycerides (P < 0.05). Intestinal microbiota analysis showed that the SNS group
had different bacterial composition and function compared with the FAT group.
In particular, Oscillospira genus was a bacterial biomarker of SNS group samples.
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CONCLUSION
The beneficial effects of Si-Ni-San freeze-dried powder on high fat diet-induced
NAFLD in mice may be associated with its anti-inflammatory and changing
intestinal microbiota effects.
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microbiota; Inflammation
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Core tip: We studied the effects of Si-Ni-San freeze-dried powder on high fat diet-
induced nonalcoholic fatty liver disease (NAFLD) in mice. We found that Si-Ni-San
freeze-dried powder ameliorated high fat diet-induced NAFLD in mice, and the
mechanism of action of Si-Ni-San freeze-dried powder against NAFLD may be
associated with its anti-inflammatory and changing intestinal microbiota effects. Our
findings provide some useful information for therapy of NAFLD.

Citation: Zhu F, Li YM, Feng TT, Wu Y, Zhang HX, Jin GY, Liu JP. Freeze-dried Si-Ni-San
powder can ameliorate high fat diet-induced non-alcoholic fatty liver disease. World J
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a condition of excess fat accumulation in
the liver without significant alcohol consumption, and it consists of liver damage,
ranging from steatosis to steatohepatitis, advanced fibrosis and cirrhosis. Obesity,
hypertriglyceridemia, hyperglycemia, and type 2 diabetes are the best-known risk
factors for NAFLD[1,2]. Besides these risk factors, plus-size clothing and sleep shortage
may also be associated with NAFLD[3].

Over  recent  decades,  we  have  witnessed  a  markedly  increasing  incidence  of
NAFLD,  and  it  has  become  one  of  the  most  common  chronic  liver  diseases
worldwide[4,5]. In the United States, the proportion of patients with this chronic liver
diseases  rose  from  47%-75%[6].  With  the  prevalent  use  of  hepatitis  vaccine  and
unchanged lifestyle, we can foresee that this proportion will continue to rise in the
future. Nonalcoholic steatohepatitis (NASH), a more severe form of NAFLD, can lead
to cirrhosis,  liver failure,  hepatocellular carcinoma and liver-related death[7-9].  In
addition, NAFLD is a risk factor for cardiovascular diseases, diabetes and chronic
kidney disease,  and it  also causes a high level  of  non-liver-related mortality[10,11].
Although NAFLD poses a threat to human health,  the exact pathogenesis of this
disease remains unclear. Moreover, until now, there are no approved medications for
NAFLD treatment. Despite guidelines[12,13] recommending lifestyle modification as the
first line treatment for NAFLD, compliance is a challenge. Therefore, it is important to
look for new drug therapies.

Si-Ni-San, first recorded by Zhong-Jing Zhang during the Eastern Han Dynasty, is a
famous prescription of traditional Chinese medicine to coordinate the functions of
liver  and  spleen,  and  it  has  been  used  in  China  for  thousands  of  years.  This
prescription consists of four herbal medicines: Bupleuri Radix, Paeoniae Alba Radix,
Aurantii Immaturus Fructus, and Honey-fried Licorice Root in equal proportions. Si-
Ni-San  can  alleviate  liver  injury  through  protecting  hepatocyte  membranes,
increasing NO release and facilitating apoptosis  of  liver-infiltrating cells[14],  and
modified Si-Ni-San also has hepatoprotective effects[15]. Moreover, glycyrrhizin[16] and
paeoniflorin[17],  two  components  of  Si-Ni-San,  have  shown beneficial  effects  on
NAFLD. Therefore, we hypothesize that Si-Ni-San may have some beneficial effects
against NAFLD.

The human intestine  harbors  10-100  trillion  microorganisms,  mainly  bacteria,
collectively referred to as the intestinal microbiota[18,19].  The intestinal microbiota
carries 150-fold more genes than the human genome, and these vast number of genes
endow our body with special functions that we have not acquired during evolution,
such  as  digesting  plant  polysaccharides[20,21].  Although  the  homeostasis  of  the
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intestinal microbiota is important for human health, dysbiosis of intestinal microbiota
may cause disease. Previous studies have demonstrated that intestinal microbiota
play a crucial role in the development of NAFLD[22-24], and patients with NAFLD have
a different intestinal microbiota composition compared with healthy controls[25]. After
oral administration, herbal medicines are exposed to the intestinal microbiota, and
interactions are inevitable. Emerging studies have found that some herbal medicines
can change  the  composition  of  the  intestinal  microbiota,  which  is  viewed as  an
underlying therapeutic mechanism of herbal medicines[26,27].  In contrast,  for other
herbal medicines, such as berberine[28] and hesperidin[29], the intestinal microbiota play
a critical role in mediating their therapeutic effects.

The purpose of the present study was to preliminarily investigate the therapeutic
effect of Si-Ni-San freeze-dried powder on high fat diet-induced NAFLD in a mouse
model, and its effect on the composition and function of the intestinal microbiota,
which will provide us with a deeper understanding of the therapeutic mechanism of
Si-Ni-San freeze-dried powder.

MATERIALS AND METHODS

Preparation of Si-Ni-San freeze-dried powder
Bupleuri Radix, Paeoniae Alba Radix, Aurantii Immaturus Fructus, and Honey-fried
Licorice Root were purchased from Beijing Tongrentang (Beijing, China) and were
authenticated by our team. The herbs were mixed at a mass ratio of 1:1:1:1, and the
mixture (2000 g) was decocted with distilled water and then filtered. The filtrate was
prepared by freeze-drying, and five major constituents in the freeze-dried powder
were quantified by HPLC (Table 1).

Animals, diets, and treatments
Twenty-four male 5-wk-old C57BL/6 mice (Beijing Vital River Laboratory Animal
Technology Co. Ltd., Beijing, China) were acclimated for 1 wk at a temperature of 20-
22 °C and humidity of 40%-45% in controlled rooms with an alternating 12-h light and
dark cycle. After acclimation, mice were randomized into three groups of eight. The
control group (CON) was allowed ad libitum access to a normal chow diet for 12 wk.
The high fat diet group (FAT) and Si-Ni-San group (SNS) were allowed ad libitum
access to a high fat diet for 12 wk. The composition of normal chow diet and high fat
diet are shown in Table 2. SNS group mice were intragastrically administered Si-Ni-
San freeze-dried powder (5.0  g/kg) once daily.  The CON and FAT groups were
intragastrically administered distilled water once daily. The study was approved by
the Animal Ethics Committee of Hebei North University (No. 2016-1-0-06).

Liver index and visceral fat index assays
After 12 wk treatment, all mice were anesthetized with ketamine (80 mg/kg) and
xylazine (6 mg/kg). The liver, mesenteric fat, retroperitoneal fat and epididymal fat
were isolated and weighed. Liver index was calculated as the ratio of liver to body
weight. The visceral fat index was calculated as the ratio of visceral fat (mesenteric,
retroperitoneal and epididymal fat) to body weight.

Hepatic lipid measurement
Liver lipid was extracted as previously described[30],  and liver triglycerides were
measured using  a  Triglyceride  Reagent  Kit  (Dongou,  Wenzhou,  China).  Frozen
sections stained with Oil Red O were also used for hepatic lipid detection.

Biochemical assays
When the mice were killed, blood samples were collected via cardiac puncture and
centrifuged.  Serum alanine  aminotransferase  (ALT)  was  measured  by  standard
procedures.  One  milliliter  of  portal  blood  was  collected  for  analysis  by
lipopolysaccharide  (LPS)  assay.  The  level  of  portal  LPS  was  measured  using  a
chromogenic limulus amoebocyte lysate test kit (Bokang, Zhanjiang, China) according
to the manufacturer’s instructions.

Liver TNF-α
Portions  of  liver  tissues  were  homogenized  (100  mg/mL)  in  RIPA  lysis  buffer
(Beyotime, Shanghai, China). Liver TNF-α was measured using Mouse TNF-alpha
Quantikine ELISA Kit (R&D Systems, Minneapolis, MN, United States).

Intestinal microbiota analysis
One week before the mice were killed, fecal samples were collected and stored at -80
°C.  The  total  fecal  DNA was  extracted using QIAamp Fast  DNA Stool  Mini  Kit
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Table 1  Five major constituents in Si-Ni-San freeze-dried powder

Compound Saikoside A Paeonilorin Naringin Hesperidin Licorice acid

Contents1 In mg/g 89.5 ± 0.02 458.2 ± 0.03 143.4 ± 0.03 138.3 ± 0.02 140.3 ± 0.01

1Data expressed as mean ± SD (n = 5).

(QIAGEN, Valencia, CA, United States). V4 hypervariable region of 16S rRNA genes
was amplified using specific  primers (515F:  5'-GTGCCAGCMGCCGCGGTAA-3',
806R:  5'-GGACTACHVGGGTWTCTAAT-3').  PCR  products  were  mixed  in
equidensity ratios. Sequencing libraries were prepared using the TruSeq DNA PCR-
Free Sample Preparation Kit (Illumina, San Diego, CA, United States). The library was
sequenced on an Illumina HiSeq2500 platform and paired-end reads were generated.

QIIME pipeline (1.9.1) was used to process and analyze the raw data[31]. The main
scripts  used  in  our  study  were  as  follows:  join_paired_ends.py,  split_lib-
raries_fastq.py,  pick_open_reference_otus.py  and  core_diversity_analyses.py.
Operational taxonomic units (OTUs) were clustered at 97% similarity, and sequences
were taxonomically assigned against the Greengenes database (gg_13_8). The results
of α diversity, β diversity and bacterial taxonomy were generated by core_diver-
sity_analyses.py script. We used the linear discriminant analysis (LDA) effect size
(LEfSe) method to identify bacterial biomarkers in different groups[32]. We predicted
the bacterial functions of different groups. For functional prediction, we reclustered
sequences into OTUs (97% similarity) against the Greengenes database (gg_13_5)
using pick_closed_reference_otus.py script, and then the PICRUSt pipeline[33]  was
used to predict bacterial functions. After using the norma-lize_by_copy_number.py
script, the predict_metagenomes.py script was used to generate Kyoto Encyclopedia
of Genes and Genomes (KEGG) ortholog predictions.  We also applied the LEfSe
method to find functional biomarkers in different groups.

Statistical analysis
Data are presented as mean ± SD. The differences in data were statistically analyzed
by one-way analysis of variance with Bonferroni’s multiple-comparison test as post
hoc  analysis. SPSS version 20.0 was used for statistical analysis, and P  < 0.05 was
considered statistically significant.

RESULTS

Effects of Si-Ni-San freeze-dried powder on body weight, liver index and visceral fat
index
At the beginning of the experiment, the body weight of the three groups of mice did
not  differ  significantly  (data  not  shown).  After  12 wk,  the FAT and SNS groups
exhibited higher body weight, liver index and visceral fat index compared with the
CON group (Figure 1A-C, P < 0.05, respectively). However, the SNS group, compared
with the FAT group, showed decreased body weight, liver index and visceral fat
index (Figure 1A-C, P < 0.05, respectively).

Si-Ni-San freeze-dried powder ameliorates high fat diet-induced inflammation and
liver injury
After 12 wk of eating the high fat diet, the FAT group had significantly increased
levels of portal LPS, liver TNF-α and ALT compared with the CON group (Figure 2A-
C, P < 0.05, respectively). However, compared with the FAT group, the SNS group,
which was intragastrically administered Si-Ni-San freeze-dried powder every day for
12 wk, significantly decreased levels of portal LPS, liver TNF-α and ALT (Figure 2A-
C,  P  <  0.05,  respectively).  Compared with  the  CON group,  the  SNS group only
exhibited  higher  levels  of  liver  TNF-α  and  ALT  (Figure  2B  and  C,  P  <  0.05,
respectively).

Si-Ni-San  freeze-dried  powder  reduces  high  fat  diet-induced  triglyceride
accumulation in the liver
Oil Red O staining was used to morphologically observe triglyceride accumulation in
the livers of mice. The CON group nearly had no triglyceride accumulation in the
liver; however, the FAT group had obvious triglyceride accumulation (Figure 3A).
The SNS group exhibited less triglyceride accumulation compared with the FAT
group (Figure 3A). Triglyceride accumulation was measured using a colorimetric
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Table 2  Composition of diets

Normal chow diet in g/kg High fat diet in g/kg

Casein 212.33 261.02

L-Cystine 2.84 3.50

Corn starch 275.84 56.87

Maltodextrin 33.18 116.53

Sucrose 331.77 201.36

Cellulose 47.40 58.26

Soybean oil 23.70 29.13

Lard 18.96 206.84

Mineral mix 9.84 11.65

Dicalcium phosphate 12.32 15.15

Calcium carbonate 5.21 6.41

Potassium citrate 15.64 19.23

Vitamin mix 9.48 11.56

Choline bitartrate 1.90 2.33

FD&C dye 0.047 0.058

method, and the results were consistent with the findings of Oil Red O staining. The
levels of triglycerides were significantly increased in the liver of the FAT and SNS
groups compared with the CON group (Figure 3B, P < 0.05). Si-Ni-San freeze-dried
powder significantly decreased the levels of triglycerides in the SNS group compared
with the FAT group (Figure 3B, P < 0.05).

Intestinal microbiota composition in different group samples
A total  of 1,380,651 high-quality reads (average of 57,527 ± 14,266 sequences per
sample)  were  used  for  biological  information  analysis,  and  15,253  OTUs  were
clustered at 97% similarity (Figure 4A). Good coverage, which was > 0.96, and the
rarefaction curves of all samples indicated that we obtained sufficient OTUs to reflect
the bacterial composition of different samples accurately (Figure 4B). Although we
calculated the values of Shannon Index and Chao 1, the three groups of mice showed
no significant differences (date not shown). To observe the β diversity of different
groups  of  mice,  we  used  Unweighted  UniFrac  PCoA,  and  the  result  of  this
evolutionary distance-based method showed that the intestinal microbiota of the
CON group was obviously separated from that of the FAT and SNS groups (Figure
4C).  Despite partially overlapping, the intestinal microbiota of the FAT and SNS
groups were roughly separated (Figure 4C). Analysis of molecular variance was used
to further assess the spatial separation, and revealed that samples from the three
groups differed significantly (CON vs FAT group, P < 0.001; FAT vs SNS group, P <
0.001; CON vs SNS group, P < 0.001).

At the phylum level,  27 bacterial  phyla were identified,  and the top five were
Firmicutes, Bacteroidetes, Proteobacteria, Deferribacteres and Actinobacteria. The
phyla of BRC1, Chlamydiae, Chlorobi, Fibrobacteres, GN04 and OP3 were only found
in the CON and SNS groups. Moreover, the bacterial phyla of Synergistetes and TM6
were only found in the SNS group. The FAT group samples increased the ratio of
Firmicutes to Bacteroidetes compared with the CON group samples; however, this
ratio in the SNS group samples did not differ significantly compared with the CON
and FAT group samples. At the genus level, 227 genera were identified. To find taxon
differences,  we  used  the  LEfSe  method  and  showed  that  S24-7  (family  level),
Bacteroidales (order level), Bacteroidia (class level), Bacteroidetes (phylum level),
Mucispirillum (genus level), Deferribacteraceae (family level), Deferribacterales (order
level),  Deferribacteres  (class  level),  Deferribacteres  (phylum level),  Erysipelotri-
chaceae (family level), Erysipelotrichales (order level), Erysipelotrichi (class level),
Desulfovibrionaceae  (family  level),  Desulfovibrionales  (order  level),  Delta-
proteobacteria (class level), and Proteobacteria (phylum level) were biomarkers in the
CON group samples (Figure 5A and B). Lactobacillus (genus level), Lactobacillaceae
(family level), Lactococcus (genus level), Streptococcaceae (family level), Lactobacillales
(order level), Bacilli (class level), and Firmicutes (phylum level) were biomarkers in
the FAT group samples (Figure 5A and B). Oscillospira (genus level), Ruminococcaceae
(family level), Clostridiales (order level), and Clostridia (class level) were biomarkers
in the SNS group samples (Figure 5A and B).
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Figure 1

Figure 1  Effects of Si-Ni-San freeze-dried powder on body weight, liver index and visceral fat index. A: Body weight at 12 wk; B: Liver index (liver weight/body
weight); C: Visceral fat index (visceral fat weight/body weight). aP < 0.05 vs CON group mice, bP < 0.05 vs FAT group mice.

Intestinal microbiota functions in different group samples
We used  PICRUSt  to  predict  the  functions  of  bacterial  microbiota  using  KEGG
database at  level  3,  and then the LEfSe method to find functional  biomarkers in
different  group  samples.  LEfSe  showed  that  metabolism,  genetic  information
processing, glycan biosynthesis and metabolism, energy metabolism, translation,
amino acid metabolism, and replication and repair were functional biomarkers of the
CON group samples (Figure 6A and B). Transcription and carbohydrate metabolism
were  functional  biomarkers  of  the  SNS  group  samples  (Figure  6A  and  B).
Environmental  information  processing,  transporters,  ABC  transporters  and
transcription factors were functional biomarkers of the FAT group samples (Figure 6A
and B).

DISCUSSION
The present study preliminarily investigated the effects of Si-Ni-San freeze-dried
powder on high fat diet-induced NAFLD in mice. We demonstrated that Si-Ni-San
freeze-dried powder ameliorates high fat diet-induced high levels of body weight,
liver  index,  visceral  fat  index,  portal  LPS,  serum  ALT,  liver  TNF-α  and  liver
triglyceride accumulation in mice. We also found that Si-Ni-San freeze-dried powder
can alter intestinal microbiota composition and function in mice.

Previous research has studied the effects of Si-Ni-San on NAFLD, and found that
Si-Ni-San can reduce the liver concentration of total cholesterol, triglyceride, free fatty
acid  and  interleukin  (IL)-6  in  rats  with  NAFLD[34].  However,  animal  models  of
NAFLD, in this research, were induced using a long-term chronic stress method that
is not widely used in NAFLD studies. In addition, this method caused a decrease in
body weight compared with control rats, which does not match the real-life situation.
In the present study, we adopted a high fat diet to induce animal models of NAFLD,
which is a stable and widely used method in NAFLD studies. This method always
induces obesity, insulin resistance, dyslipidemia and liver triglyceride accumulation,
which more accurately reflect real-life situations. Thus, our present study has a wider
practical significance.

NAFLD  is  always  considered  to  be  the  hepatic  manifestation  of  metabolic
syndrome,  and insulin resistance plays an important  role  in the pathogenesis  of
NAFLD[35-37]. In the present study, although the level of insulin resistance in the SNS
group exhibited a decreased trend compared with the FAT group, the difference was
not significant (data not shown), suggesting that improving insulin resistance is not a
mechanism of action of Si-Ni-San freeze-dried powder, or its improvement of insulin
resistance is  not due to small  sample size.  Thus,  additional large-sample studies
addressing the effect  of  Si-Ni-San freeze-dried powder on insulin resistance are
warranted.

Previous studies have revealed the key role of LPS, a constituent of Gram-negative
bacteria  and main constituent  of  endotoxemia,  in  the  development  of  metabolic
diseases, and elevated LPS has been observed in patients with NAFLD[25,38]. LPS is an
inflammatory trigger, and it can promote the secretion of proinflammatory cytokines,
such as tumor necrosis factor (TNF)-α, IL-1 and IL-6. In the present study, we found
that high fat diet increased the levels of portal LPS and liver TNF-α compared with
normal chow diet; however, Si-Ni-San freeze-dried powder reduced these increases,
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Figure 2

Figure 2  Si-Ni-San freeze-dried powder ameliorates liver inflammation and injury. A: Portal lipopolysaccharide; B: Liver tumor necrosis factor-α; C: Serum
alanine aminotransferase. aP < 0.05 vs CON group mice, bP < 0.05 vs FAT group mice. ALT: Alanine aminotransferase; LPS: Lipopolysaccharide; TNF-α: Tumor
necrosis factor-α.

suggesting that the anti-inflammatory effect of Si-Ni-San freeze-dried powder may be
a mechanism underlying its beneficial effect. Although the portal LPS of the CON and
SNS groups did not differ significantly, the SNS group only exhibited higher levels of
liver  TNF-α  and  ALT,  suggesting  that  in  addition  to  LPS,  there  may  be  other
proinflammatory factors.

The important role of intestinal microbiota in the pathogenesis of NAFLD has been
revealed in previous studies[22,39]. Given the tight links between intestinal microbiota
and NAFLD, manipulation of the intestinal microbiota of NAFLD is a promising
therapeutic strategy[40-42]. Thus, in the present study, we investigated the effect of Si-
Ni-San freeze-dried powder on intestinal microbiota, and found that the intestinal
microbiota composition and function in the SNS group differed clearly from those in
the FAT group, suggesting that Si-Ni-San freeze-dried powder alters high fat diet-
induced intestinal microbiota dysbiosis. So, the therapeutic effect of Si-Ni-San freeze-
dried powder on high fat diet-induced NAFLD may be achieved by changing the
intestinal microbiota. The fact that the Oscillospira genus was a bacterial biomarker in
the SNS group samples demands our further attention. Up to now, there has been
little knowledge about this genus, mainly because it has never been cultured. Our
former study found that Oscillospira is associated with a high protein diet, which has
beneficial  effects  on  NAFLD[30].  Other  studies  have  found  that  Oscillospira  is
significantly reduced in patients with NASH or inflammatory bowel disease[43-45], and
is  positively  associated  with  leanness[46].  A  recent  study  has  found  that  some
Oscillospira species may be able to utilize glycans to secrete butyrate[47], which can
prevent inflammation[48], and plays an important role in metabolic diseases[49-51]. Using
a combination of our results with those of former studies, we infer that Si-Ni-San
freeze-dried powder may achieve its  beneficial  effect  by providing more special
glycans to Oscillospira bacteria and then producing more butyrate, which has multiple
beneficial  effects  on host  health.  The result  that  carbohydrate metabolism was a
functional biomarker in the SNS group partly supports our inference, and further
studies are warranted to confirm our hypothesis.

An interesting finding in our study was that Lactobacillus  genus was a bacterial
biomarker of the FAT group. Some strains of Lactobacillus  are frequently used as
probiotics[52]. Thus, our finding needs confirmation by further studies.

There  were  several  limitations  to  the  present  study.  First,  there  was a  lack of
metabonomics  analysis,  so  the  effects  of  Si-Ni-San  freeze-dried  powder  on  the
metabolism of intestinal microbiota are not known. Second, we did not administer Si-
Ni-San freeze-dried powder to normal chow diet mice, so the effects of Si-Ni-San
freeze-dried powder on normal chow diet mice are not known. Third, the sample size
was small, so our results need further studies for confirmation. Fourth, the change in
some cytokines, such as IL-1 and IL-6, was not detected in the present study. These
limitations will be addressed in our future studies.

In conclusion, our present study preliminarily confirmed the beneficial effects of Si-
Ni-San freeze-dried powder on high fat diet-induced NAFLD in mice, and that the
mechanisms of  action of  Si-Ni-San freeze-dried powder against  NAFLD may be
associated  with  its  anti-inflammatory  effects  and  its  changes  to  the  intestinal
microbiota. Our findings provide some useful information for NAFLD therapy. We
provide the basis for the clinical use of Si-Ni-San freeze-dried powder and some
underlying mechanisms of its action. Although more in-depth research is needed in
the future, Si-Ni-San freeze-dried powder may also be a clinical option for NAFLD
treatment.
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Figure 3

Figure 3  Si-Ni-San freeze-dried powder ameliorates high fat diet-induced hepatic triglyceride accumulation. A: Representative Oil Red O staining
(magnification 200 ×); B: Liver triglycerides. aP < 0.05 vs CON group mice, bP < 0.05 vs FAT group mice.

Figure 4

Figure 4  Intestinal microbiota composition in different group samples. A: Venn diagram of operational taxonomic units; B: Rarefaction curves; C: Unweighted
Uni Frac PCo A. OUTs: Operational taxonomic units.

WJG https://www.wjgnet.com June 28, 2019 Volume 25 Issue 24

Zhu F et al. Si-Ni-San ameliorates NAFLD

3063



Figure 5

Figure 5  Bacterial biomarkers of different group samples. A: Bacterial biomarkers found by linear discriminant analysis effect size (LEfSe); B: Taxonomic
cladogram obtained from LEfSe. Taxa meeting an linear discriminant analysis significant threshold > 4 are shown. c: class level; f: family level; g: genus level; o: order
level; p: phylum level. LDA: Linear discriminant analysis.

WJG https://www.wjgnet.com June 28, 2019 Volume 25 Issue 24

Zhu F et al. Si-Ni-San ameliorates NAFLD

3064



Figure 6

Figure 6  Intestinal microbiota functions in different group samples. A: Functional biomarkers found by linear discriminant analysis effect size (LEfSe); B:
Functional cladogram obtained from LEfSe. Functions meeting an linear discriminant analysis significant threshold > 3.1 are shown. LDA: Linear discriminant analysis.

ARTICLE HIGHLIGHTS
Research background
The incidence of nonalcoholic fatty liver disease (NAFLD) dramatically increased in the last few
decades. Unfortunately, until now, the clinical treatment of this common chronic liver disease is
difficult, and some new effective therapies are needed.

Research motivation
Some herbal medicines have hepatoprotective effects,  so we want to know if  some famous
prescriptions of traditional Chinese medicine can provide beneficial effects on NAFLD.

Research objectives
To explore the effects of Si-Ni-San, a famous prescription of traditional Chinese medicine, on
NAFLD and intestinal microbiota.

Research methods
We intragastrically administered Si-Ni-San freeze-dried powder (5.0 g/kg) to mice, which were
allowed ad libitum access to a high fat diet. After 12 wk of treatment, we measured body weight,
liver index, visceral fat index, serum alanine aminotransferase (ALT), portal lipopolysaccharide
(LPS), liver tumor necrosis factor (TNF)-α, liver triglycerides and intestinal microbiota, and we
compared the results of these parameters with mice in another group to find whether Si-Ni-San
freeze-dried powder have some beneficial effects on NAFLD.

Research results
After Si-Ni-San freeze-dried powder treatment, the levels of body weight, liver index, visceral fat
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index,  serum  ALT,  portal  LPS,  liver  TNF-α  and  liver  triglycerides  were  improved.  The
composition of intestinal microbiota was also changed, especially the Oscillospira genus.

Research conclusions
Si-Ni-San freeze-dried powder can ameliorate NAFLD by an anti-inflammatory action and
intestinal microbiota-changing effect.

Research perspectives
Although we provide basis for the clinical  use of Si-Ni-San freeze-dried powder and some
underlying  mechanisms  of  its  action,  the  effects  of  Si-Ni-San  freeze-dried  powder  on  the
metabolism of intestinal microbiota and some cytokines, such as interleukin (IL)-1 and IL-6, need
to be addressed in future studies.
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