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Abstract
Background

Acute-on-chronic liver failure (ACLF) has a high risk of mortality in liver diseases without effective
treatment. Xiao Chai Hu decoction (XCHD) is a traditional herbal formula, widely administered for liver
disease, including anti-hepatic �brosis and anti-in�ammatory.

Methods

To investigate whether XCHD prevents the progression of ACLF and the underlying mechanisms.
Methods: Sprague–Dawley rats with compound factors were randomly divided into model control group
with 30 rats and four treatment groups with 20 rats in each group: Polyene phosphatidylcholine (100
mg/kg; PP) group; high dose (44.5 g/kg; HXCHD), middle dose (26.5 g/kg; MXCHD), and low dose (8.5
g/kg; LXCHD). Firstly, liver disease progression after XCHD treatment was measured by detecting: 1) the
serum levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin (TB),
and albumin, prothrombin time (PT); 2) the survival rate and rat-adapted model for end-stage liver
disease (MELD) score; 3) the hepatic hyperplastic collagen �bers with Masson’s trichrome staining; 4) the
serum level of TNF-α and endotoxin induced hepatocyte apoptosis expression; 5) the ileum slow waves,
gastric emptying, and small intestinal transit after XCHD treatment.

Results

The XCHD groups showed improved serum biochemical hepatic parameters, histological liver changes,
and survival rate. In addition, the XCHD treatment decreased the serum level of TNF-α and endotoxin and
reduced hepatocyte apoptosis. XCHD decreased the normal percentage ileum slow waves, prolonged
gastric emptying, and increased the small intestinal transit of ACLF.

Conclusions

XCHD prevented the progression of ACLF partially via the prokinetic effects on gastrointestinal motility to
reduce TNF-α, endotoxin, and hepatocyte apoptosis.

1. Background
Acute-on-chronic liver failure (ACLF) is a syndrome in patients with chronic liver disease with or without
previously diagnosed cirrhosis. It is characterized by acute hepatic decompensation resulting in liver
failure and one or more extrahepatic organ failures. Despite the application of extracorporeal liver support
systems, such as plasma exchange, molecular adsorbent recirculating system, and liver transplantation
in recent years (Finkenstedt et al., 2013), the mortality rate of ACLF is still 30–50% (Solé et al., 2018).
Notably, 25% of the ACLF patients are suitable for a liver transplant (Finkenstedt et al., 2013). Moreover, a
randomized study showed a signi�cant increase in the survival of extracorporeal liver support systems
(Bañares et al., 2013; Kribben et al., 2012). Other potential therapies for improving liver function, such as
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cell transplantation (Yuan et al.; Huebert et al., 2014) and colony-stimulating factor (CSF) (Khanam et al.,
2014), are rather challenging in both developing and developed countries due to heavy medical expenses.
Hitherto, the curative effect of ACLF is limited (Solé et al., 2018), thereby necessitating effective
therapeutic methods.

Chinese herbal medicine has been adopted in the treatment of liver diseases for a long time in China
(Qi et al., 2013). Xiao Chai Hu decoction (XCHD) is widely recognized as a medicine in Asia for the
treatment of liver diseases. It is a well‐known prescription in traditional Chinese medicine (TCM), and is
composed of seven herbs: Radix bupleuri, Scutellaria baicalensis, Panax ginseng, Rhizoma
Pinelliae preparata, honey-fried Glycyrrhizae Radix, Zingiber o�cinale, and Ziziphus jujube (Xiong et al.,
2011). It was believed that XCHD alleviates the symptoms of fever, abdominal distension, poor appetite,
nausea, vomiting, and jaundice. Previous studies con�rmed that XCHD inhibits the progression of
hepatitis to liver �brosis (Dou et al., 2005) and the replication of hepatitis B and C virus (Li et al., 2017).
Moreover, it prevents liver damage via immune regulation (Zheng et al., 2014; Liu  et al., 2013). Bupleurum
and Scutellaria baicalensis are the core paired components of this prescription. Previous studies have
shown that Scutellaria root is effective an antiendotoxic (Cheng et al., 2007), anti-bacterial (Miyasaki et
al., 2013), anti-hepatic �brosis (Miyasaki et al., 2013; Qiao et al., 2011), anti-in�ammatory (Pan et al.,
2012; Shen et al., 2003; Kubo et al., 1984; Yang et al., 2009; Yun et al., 2010), antiviral (Dou et al., 2012)
agent. Cirrhotic endotoxemia is a major factor causing disease progression and multiple organ failure.
Moreover, XCHD alleviates chronic liver damage that might decrease the mortality risk of patients. Thus,
we hypothesized that XCHD prevents ACLF-induced death via prokinetic effects on the gastrointestinal
motility against tumor necrosis factor-alpha (TNF-α) and endotoxin-induced hepatocyte apoptosis. 

2. Methods
2.1 Experimental animals

A total of 120 healthy and clean male Sprague–Dawley rats (90–120 g) were purchased from the
Laboratory Animal Center of Xi’an Jiao Tong University (Xi’an, Shaanxi, China), acclimated to the research
laboratory for �ve days before experiments, and maintained in a light-controlled room (12 h light/dark
cycle) at an ambient temperature of 25 °C with free access to water and standard chow. The experiments
were conducted according to the Guide for the Care and Use of Laboratory Animals (Institute of
Laboratory Animal Resources, 1996, Nat. Acad. Press) and approved by the Xi’an Jiao Tong University
(XJTU20121210009) Institutional Animal Care and Use Committee (IACUC).

2.2 Experimental materials 

Seven crude herbs and polyene phosphatidylcholine (Sano�, China Pharmaceutical Co., Ltd) were
purchased from the pharmacy of the First A�liated Hospital of Xi’an Jiao Tong University.
Lipopolysaccharide (LPS from E. coli 055:B5) was purchased from Sigma–Aldrich Chimie Company
(Fallavier, France). Apoptosis detection kit was obtained from Biosynthesis Biotechnology Co., Ltd
(Beijing, China). Carbon tetrachloride analytical reagent (AR) was purchased from Chemical Reagent
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Branch of Tianjin Zonghengxing Industrial and Trading Co., Ltd. Olive oil AR was purchased from
Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). Rat endotoxin quantitative detection kit was
procured from Beijing Jinshanchuan Technology Development Co., Ltd. Iso�urane was purchased from
Forane, Abbott Laboratories, Abbott Park, IL, USA. The cardiac pacing wires were obtained from
Medtronic, Minneapolis, MN, USA. The aspartate aminotransferase (AST), alanine aminotransferase
(ALT), total bilirubin (TB), albumin (ALB), and prothrombin time (PT) commercial kits were purchased
from Sigma–Aldrich, USA.

2.3 Experimental methods

2.3.1 Reagent preparation

1) CCL4 oil solution preparation: A volume of 40 mL CCL4 was solubilized in 60 mL olive oil; and 40%
CCL4 oil solution was prepared and stored at room temperature. 

2) XCHD (Su et al., 2014): It consisted of seven crude herbs (herbs implementing standards:
Pharmacopoeia of the People’s Republic of China 2015 �rst edition). These herbs were mixed and
decocted three times (100 g/1000 mL the �rst time; 100 g/400 mL the second time; 100 g/400 mL the
third time) with water for 30 min, as described previously. The decoction was �ltered through the gauze;
the �ltrate was concentrated as 4.45 g/mL.

Table 1. Herbs of XCHD

Chinese
name

Botanical name Lot no. Dosage
(g/day)

Chaihu Radix Bupleurum scorzonerifolium
Willd.

20160408; Shannxi,
China

12

Huangqin Scutellaria baicalensis Georgi  C3022004001; Shanxi,
China

9

Banxia Pinellia ternata (Thunb.) Makino  343200401; Gansu, China 9

Renshen Panax ginseng C. A. Mey  343200401; Jilin, China 9

Zhigancao honey-fried Radix Glycyrrhiza uralensis
Fisch 

20160301; Gansu, China 6

Shengjiang Zingiber o�cinale Roscoe C0512005001; Yunnan,
China

6

Dazao Ziziphus jujuba Mill  20160112; Xinjiang,
China

9

2.3.2 Protocol for surgery

After an overnight fast, under anesthesia with the inhalation of 1.5–2.0% iso�urane, the hair was shaved,
the skin on top of the corresponding position was cut open, and then one pair of cardiac pacing wires
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was implanted in the serosal surface of the ileum about 4 cm proximal to the ileocecum for ileum slow-
wave recording. The distance between the two electrodes in the pair was 0.3 cm. After the isolated lead
wires were tunneled and externalized on the rat’s neck, buprenorphine (0.05 mg/kg) and cefazolin (30
mg/kg) was administered for 2 days to alleviate postoperative pain and prevent infection, respectively.
The rats were housed individually to avoid the wires and tubes from being chewed off by other rats. The
experiments were initiated after the rats were completely recovered from the surgery, usually 7 days after
the operation. 

2.3.3 Protocol for the making of CCL4-induced ACLF model (Figure 1)

After 7 days of conventional adaptive feeding, 110 rats were used to establish the model. Then, 10 rats
were used as the normal control group. During the initial 4-week treatment, 40% CCL4 olive oil solution
was injected subcutaneously at 1.5 mL/kg body weight every three days. Then, in the following two
weeks, the 40% CCL4 olive oil solution was injected subcutaneously at 2 mL/kg body weight every three
days. After the establishment of the cirrhotic rat model, lipopolysaccharide (LPS)- and D-galactosamine
(D-Gal)-induced ACLF models were constructed. On day 45, the rats were injected LPS at a dose of
10 mg/kg and D-Gal at a dose of 700 mg/kg intraperitoneally, which induce acute liver failure based on
chronic liver injury.

The normal control rats were administered physiological saline at the time points same as in the model
rats. The animal behavior was closely monitored during the modeling. 

2.3.3 Method of administration

During modeling, 110 rats were randomly divided into model control group with 30 rats and four
treatment groups with 20 rats in each group: polyene phosphatidylcholine (100 mg/kg; PP) group, high-
dose (44.5 g/kg; HXCHD), middle-dose (26.5 g/kg; MXCHD), and low dose (8.5 g/kg; LXCHD) Xiao Chai
Hu decoction. In the model and control groups, rats were given an equivalent volume of water by gavage
daily.

2.3.3.1 Specimen collection and preparation

On day 44, �ve rats were selected randomly in the ACLF model group, and their liver histopathology
(included) was detected to determine the cirrhosis. After an acute attack, 0.6 mL blood samples
withdrawn at 2 h, 10 h, and 18 h were collected from the inner canthus in all rats to detect the serum
biochemical levels. After 47 days of treatment, the colon slow-wave was measured. Then, all the surviving
rats were sacri�ced for specimen collection. One part of the liver tissue was cut and embedded in para�n
for hematoxylin and eosin (H&E) and Masson’s trichrome staining. 

2.3.3.2 Analysis of liver disease progression

1) Serum levels of liver functionality measurements 
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The serum was obtained by centrifugation of blood samples at 1500 ×g for 10 min at 4 °C and stored at
room temperature for 1 h and then at 20 °C until further analysis. The activity of AST, ALT, TB, ALB, and
PT was measured using commercially available kits (Sigma–Aldrich), according to the manufacturer’s
instructions.

2) Survival rate and rat-adapted model of end-stage liver disease (MELD) score (Said et al., 2004) 

Based on the literature, the rats’ MELD was adapted as follows: Rat-adapted MELD score = 0.957×Loge
(creatinine mg/dL) + 0.378×Loge (bilirubin mg/dL) + 1.120×Loge ( INR) + 0.643. MELD is a scale system
to score the severity of liver disease and predict death. A high MELD score indicates a high probability of
death. 

3) H&E staining, Masson’s trichrome staining, and image analysis

The H&E staining and Masson’s trichrome staining revealed hepatic lobule structures and hepatic cords.
In Masson staining, blue color indicated hyperplastic collagen �bers. Five low-power (×40) �elds were
randomly assessed for each slice. The ratio of the area of hepatic hyperplastic collagen �bers (AHHCF%)
was calculated by Image Pro-Plus 6.  

2.3.3.3 Mechanisms of XCHD involving endotoxin-induced hepatocyte apoptosis

1) Detection of serum endotoxin and TNF-α levels with two-step double-antibody sandwich enzyme-linked
immunosorbent assay (ELISA).

According to the manufacturer’s description 2.5–80 pg/mL was used in ELISA to detect and
quantitatively analyzed the serum endotoxin and TNF-α levels of rats in all the groups. A volume of 100
μL samples was dispensed in each well in 96-well plates after pre-coating with rat TNF-α/endotoxin
antibody for 30 min at 37 ℃. Then, a protein-speci�c biotinylated antibody was incubated for 2 h at 37
℃. Between each reaction, the unbound proteins were washed away from the wells. Then, substrate
solutions A and B were added to each well, and the reaction incubated for 20 min at 37 ℃. The
absorbance was measured at 450 nm in a microplate reader, and the concentration data expressed as a
mean value.

2) Detection of hepatocyte apoptosis by terminal deoxynucleotide transferase dUTP nick end labeling
(TUNEL)

According to the manufacturer’s instructions, TUNEL method was used to detect cellular apoptosis on the
liver tissue. The sections were �xed in ethanol-acetic acid (2:1), incubated with proteinase K (100 μg/mL),
rinsed in PBS, incubated in 3% H2O2, and washed with phosphate-buffered saline (PBS) for 10 min,
followed by permeabilization (0.1% Triton X-100, 0.1% sodium citrate) for 5 min. Subsequently, the
sections were washed and incubated in TUNEL reaction mixture. Converter-POD with 0.02% 3,3’-
diaminobenzidine (DAB) was used for visualization, and Mayer’s hematoxylin was used for counter-
staining. TUNEL-positive cells were dyed as the yellow nucleus. The liver cells were counted under high-
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power (×400) �eld. Five high-power �elds were examined in each case, and the number of TUNEL-positive
cells was counted. Finally, 500 cells were counted in each �eld, and the apoptotic index (AI%) of each
group was calculated.

2.3.3.4 Mechanisms of XCHD involving gastrointestinal motility

After overnight fasting, each rat was fed 2 g of solid dry food at the end of the experiment. A volume of
1.5 mL phenol red (0.5 mg/mL) was mixed with 1.5% methylcellulose was delivered by gavage after 10
min. Then, the rat was euthanized, the content of the stomach and the small intestine was collected for
measuring the gastric emptying (GE) (Lin et al., 2018) and small intestinal transit (SIT) (Ohno et al.,
2006), using a previously established method.

The percentage of GE was described as the ratio between the amount of undigested food in the stomach
and 2 g of solid dry food. The small intestine was cut into 10 equal segments. The SIT was assessed
using the geometric center based on the amount of phenol red in each of the segments (Scarpignato et
al., 1980). 

2.4 Statistical methods

SPSS16.0 statistical analysis software package (IBM, Armonk, NY, USA) was utilized. Continuous data
were expressed as mean ± standard. One-way analysis of variance (ANOVA) was performed, and q test
(Student–Newman–Keuls test, S-N-K) was used for pairwise comparisons. Kaplan–Meier method was
used to calculate the survival rate. Two-sided P-values < 0.05 were considered statistically signi�cant.

3. Results
3.1 Veri�cation of ACLF rat model

After the abdominal cavity was opened, it was over�owed with turbid yellow liquid. Varying degrees of
adhesion was observed between the abdominal tissues. The surface of the liver was rough and uneven,
and dense nodules were detected in the cirrhosis and ACLF model (Figure 2B, C). Also, white fur or pus
was on the surface of the liver in the ACLF model than the cirrhosis model. 

H&E staining and Masson’s trichrome staining detected clear hepatic lobule structures in the normal rats
(Figure 3A1, A2). In the model group, the hepatic lobule structures were damaged, and liver cell cords were
arranged disorderly with obvious swelling and fatty degeneration (Figure 3B1, B2, C1, C2). A large number
of blue hyperplastic thick collagen �bers was observed in the portal area and lobules in Masson staining.
The hepatic cell cords of the liver lobule were disordered, and a large amount of unequal-sized pseudo
lobules were formed. Also, a large number of necrotic liver cells were detected, and in�ammatory cell
in�ltration was observed (Figure 3C1, C2).

After acute attachment for 2 h, the serum level of ALT, AST, and TNF-α increased sharply and decreased in
10 h. However, the level of total bilirubin (TBIL) increased progressively from 2–18 h (Figure 4A),
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indicating liver failure. Together, these �ndings demonstrate an experimental model of ACLF. 

3.2 Comparison of the liver disease progression

1) Comparison of the serum levels of liver functionality measurements 

The activity of AST, ALT, TB, ALB, and PT was measured using commercially available kits (Sigma–
Aldrich), according to the manufacturer’s instructions.

Compared to the normal control group, the experimental groups showed a signi�cantly increase in the
levels of ALT, AST, and TBil (P < 0.05, F = 4.15). The serum ALT, AST, and TBil levels of the model group
(839.6±55.4IU/L; 852.0±66.2IU/L; 153.1±5.2 mmol/L) were higher those of the all the XCHD treatment
groups, (P-values: ALT < 0.01, AST < 0.01, DBil < 0.01, TBil < 0.01). The serum ALT, AST, and TB levels of
the HXCHD treatment group were the lowest among the three treatment groups (Figure 4B, 4C). These
data suggested that XCHD treatment improves hepatobiliary function. Importantly, the serum ALB levels
of the rat model demonstrated a signi�cant decrease, whereas the animals treated with HXCHD and
MXCHD showed a similar increase compared to those of the PP group (Figure 4D). This demonstrated
that HXCHD promotes liver functionality as a protein producer. The rats treated with XCHD showed
decreased PT (Figure 4E). Conversely, no differences were detected in the PT among the PP, HXCHD, and
MXCHD groups.

2) Comparison of the survival rate and rat-adapted MELD score 

Two stages were detected in the ACLF model. The �rst lasted 4 weeks to develop progressive chronic liver
failure; six rats died in the model group, �ve rats died in LXCHD, four rats died in MXCHD, and none of the
rats died in the HXCHD groups. In addition to chronic liver failure, acute liver failure resulted in rat
mortality. After 48 h of acute attack, the survival rate of the various groups was as follows: 100% in the
normal control group, in the model and LXCHD groups (χ2 = 0.078, P < 0.05 vs. model), 77% in the
MXCHD group (χ2 = 1.99, P < 0.05 vs. model), and 60% in the HXCHD group (χ2 = 11.37, P < 0.05 vs.
model; χ2 = 5.976, P < 0.05 vs. MXCHD). We also observed the time of death. In the model group, the
death mainly occurred during the chronic liver failure stage to a relatively high mortality rate of 30%, while
early survival was 100% in the HXCHD-treated rats (Figure 5A). After administration of D-gal/LPS, the
HXCHD group succumbed to mortality at 20 h compared to that in the model group at 12 h, suggesting
that treatment with XCHD effectively slowed the evolution of the disease.

 In addition, the XCHD treated groups showed a signi�cantly lower MELD score than the model group
(Figure 5B), indicating healthier livers after XCHD treatment. Taken together, this phenomenon suggested
that XCHD treatment slowed the evolution of the disease. Compared to the model rats (Figure 5C), the
INRs were decreased in the rats treated with XCHD compared to the model group similar to PP. These
data indicated an improvement on liver failure due to XCHD treatment.

3) Comparison of the ratio of the area of hepatocyte apoptosis in each group
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Hepatocyte apoptosis in normal rats was detected occasionally (Figure 6A). The hepatocyte apoptosis of
ACLF rats increased markedly. The positive nuclei with brown or black color were scattered diffusely in
the �eld and were pyknotic-like, or chromatin aggregated to the surrounding, or the nuclei were
fragmented (Figure 6B). 

The hepatocyte apoptosis rate of the experimental groups was signi�cantly higher than that of the
normal control group (P < 0.01, F = 29.03). The hepatocyte apoptosis rate of the model group (8.8 ± 0.8)
was signi�cantly higher than that of the HXCHD (2.92 ± 0.26) group, the MXCHD (3.9 ± 0.5) group, and
the LXCHD (5.8 ± 0.3) group (P < 0.05; Figure 6C, 6D, 6E, 6F).

4) Comparison of the ratios of the area of hepatic hyperplastic collagen �bers in each group 

The model rats showed 29.8% area of �brosis in the pathological livers, while improved hepatic histology
was observed in XCHD rats. The hepatic �brogenesis �brosis was signi�cantly decreased in the XCHD-
treated rats as follows (Figure 7A): in the HXCHD (10.88 ± 0.88; P < 0.05 vs. model), MXCHD (15.32 ±
0.55; P < 0.05 vs. model), and LXCHD (19.18 ± 1.12; P < 0.05 vs. model) groups. Moreover, the percentage
of �brosis was signi�cantly lower in the HXCHD rats than in the rats treated with PP (12.14 ± 0.90; P <
0.05 vs. model).

The pooled biochemical and histopathology data indicated that the administration of HXCHD slowed the
progression of the disease. Subsequent studies investigated whether the low survival rate of XCHD was
associated with TNF-α and endotoxin-induced hepatocyte apoptosis.

5) Comparison of the serum levels of TNF-α and endotoxin in each group

Compared to the normal control group, the TNF-α and endotoxin levels of all the experimental groups
increased signi�cantly (P < 0.05, FTNF-α = 4.37; Fendotoxin = 3.31; Figure 7B, C). The serum TNF-α and
endotoxin levels of the model group were signi�cantly higher than those of all the treatment groups. The
serum endotoxin level of the HXCHD treatment group was signi�cantly lower than that of the PP
treatment group, (P < 0.05; qTNF-a = 3.98; qendotoxin = 2.79).

6) Prokinetic effects of XCHD on motility

In ACLF rats, the GE (36.5 ± 5.8) and SIT (11.4 ± 2.3) were delayed compared to the control group (78.1 ±
8.6; 7.6 ± 1.0, P < 0.05). XCHD signi�cantly accelerated GE (HXCHD: 66.7 ± 9.3; MXCHD: 51.1 ± 7.9;
LXCHD: 42.3 ± 6.7; P < 0.05; Figure 8A) and SIT (HXCHD: 8.5 ± 0.9; MXCHD: 9.6 ± 0.7; LXCHD: 10.8 ± 0.8;
P < 0.05; Figure 8B). It indicated that XCHD prevented ACLF-induced impairment of gastrointestinal
motility.

Compared to the normal group, the percentage of normal ISW (intestinal slow wave) was substantially
reduced in the ACLF model. The HXCHD treatment prevented the ACLF-associated decline in the
percentage of normal ISW (Figure 9).
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Discussion
ACLF is one of the leading causes of deaths in patients with chronic liver diseases. In recent years, some
progress has been made to decrease the mortality rate of ACLF, such as using the combination of anti-
virus, arti�cial liver, and liver transplantation. However, medical expenses, expensive medical equipment,
and limited donor organ hinder development, especially in the developing country.

Thus, new strategies are urgently required for high mortality. In the present study, XCHD was bene�cial in
treating liver �brosis, which improved the serum parameters of liver disease. In addition, the preventive
therapy with XCHD satisfactorily improved the cirrhosis and ACLF survival in rats. Furthermore, XCHD
prevented ACLF via a decline in TNF-α and endotoxin-induced hepatocyte apoptosis through the
prokinetic effects on gastric motility.

Based on the “two-hits” theory (Amacher et al., 2011; Hernández-Muñoz et al., 1997; Weber et al.,
2003), low dose and prolonged CCl4 administration extensively induces liver �brosis (Furuya et al., 2016)
and with D-gal/LPS injection induces ACLF. In this model, we demonstrated that liver �brosis/cirrhosis is
induced by CCl4, which is con�rmed by liver histology results. CCl4 leads to the necrosis of hepatocytes,
induces in�ammation, and further promotes the progression of hepatic �brogenesis in rats. Subsequent
D-gal/LPS treatment caused acute massive hepatic necrosis, and a large white fur or pus was observed
on the surface of the liver in ACLF rats. 

ACLF progresses rapidly, and its mortality rate in patients is 30–40% (Arroyo et al., 2015). Reportedly,
during the �brosis-induction period, the CCL4-induced model showed high mortality of 30%, and about
90% of the rats died from acute liver failure after administration of D-gal/LPS within 13 h (Liu et al.,
2007). In this study, a high mortality rate was observed within a short period following D-gal/LPS
treatment, starting after 12 h and reaching 100% at 48 h. The subsequent �ndings on the signi�cantly
increased levels of ALT and AST that decreased afterwards, and the markedly increased TB in the ACLF
model indicated liver parenchymal damage. Taken together, these observations suggested that ACLF rat
model re�ects the typical clinical manifestations of ACLF.

ACLF with cirrhosis shows a higher mortality rate in acute decompensation than without cirrhosis (Ruiz-
Margáin et al., 2018; Arroyo et al., 2016). Hitherto, the occurrence of liver failure and in�ammation
damage should be prevented in liver �brosis, which would be an alternative option for treating ACLF. The
current data showed that HXCHD promotes liver functionality as a protein producer. Consistent with
previous studies (Li et al., 2017), XCHD exerted a protective effect on inhibiting the formation of hepatic
�brosis, which further showed a signi�cant dose-effect correlation of XCHD on inhibiting the formation of
hepatic �brogenesis �brosis. 

Although the mechanisms of ACLF are not precisely delineated, these are associated with infection-
induced systemic in�ammation, acute liver damage, and intestinal location of bacteria or bacterial
products (Liu et al., 2007; Arroyo et al., 2016). The poor outcome of ACLF is closely associated with
exacerbated systemic in�ammatory responses (Clària et al., 2016). A previous study showed that CCl4
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attacks hepatocytes and causes necrosis of parenchymal cells, which in turn promotes in�ammatory
responses in the liver. The increased levels of ALT and AST serve as markers in detecting acute and
chronic liver injury (Gressner et al., 2007); moreover, the serum activities are associated with liver
parenchymal damage. Also, serum total bile acid could serve as an additional marker for risk
strati�cation in cirrhotic patients with ACLF (Wu et al., 2018; Horvatits et al., 2017). In the current study, all
doses of XCHD decreased the serum levels of ALT, AST, and TB. 

Accumulating evidence has shown that hepatocyte apoptosis is the predominant mode of cell death in
ACLF (Adebayo et al., 2015; Cai et al., 2016; Bechmann et al., 2008; Rastogi et al., 2011) and plays a role
in the pathogenesis of ACLF. Moreover, apoptosis vs. necrosis rate would serve as a predictor in acute
liver failure compared with acute-on-chronic liver failure ( Bechmann LP et al., 2008). Some toxic
molecules induced hepatocyte apoptosis and worsened the liver disease through caspase-8 and caspase-
3-dependent pathways, as assessed in the liver failure plasma of the patients. A therapeutic strategy was
proposed to remove these pro-apoptotic factors. Hitherto, no study has described a molecular adsorbent
recirculation system dialysis to reduce these toxic molecules in the presence of liver failure plasma
(Saich et al., 2007). In the current study, with different doses of XCHD treatment, the hepatocyte
apoptosis rate was signi�cantly reduced, while the survival rate was increased after XCHD treatment
within 48 h. However, it was challenging to determine whether XCHD removed the pro-apoptotic factors
from the plasma directly and whether hepatocyte apoptosis is closely related to the survival from ACLF.

TNF-α is a major cytokine produced by in�ammatory cells (Baggiolini, 2001). Among the clinical TCMs,
XCHD has been widely used in treating chronic hepatitis, cirrhosis, and acute and chronic cholecystitis (Li,
2020). Accumulating experimental and clinical evidence suggested that XCHD affects liver diseases via
an anti-in�ammatory mechanism, suppressing the progression of liver damage and via immune
regulation (Qi et al., 2013; Dou et al., 2005; Zheng et al., 2014; Liu et al., 2013). In correspondence with the
previous �ndings, we demonstrated that all doses of XCHD signi�cantly decreased the TNF-α levels,
which also veri�ed the anti-in�ammatory effect of XCHD. These �ndings indicated that the XCHD exerted
an anti-in�ammatory effect, which prevented liver injury and reduced the risk of ACLF.

Since 30% of patients with ACLF have bacterial infections, the intestinal translocation of bacteria or
bacterial products would partially explain the development of ACLF without having an active bacterial
infection (Takeuchi and Akira, 2010; Wiest et al., 2014; Chen et al., 2015). Intestinal endotoxemia is a
major factor causing liver disease progression and multiple organ failure. Endotoxin activates monocytes
and macrophages to release a large amount of TNF-α, which binds to the TNF receptor expressed on the
hepatocyte membrane, leading to hepatocyte damage. In the present study, XCHD reduces endotoxin and
TNF-α. Our previous study has con�rmed that baicalein, a main component of XCHD reduces the
apoptosis of intestinal mucosal cells, protecting the intestinal barrier injury (Liu et al., 2015). 

Accumulating experimental and clinical evidence suggested that prolonged GE and SIT are common in
patients with cirrhosis (Theocharidou et al., 2017; Isobe et al., 1994). In addition, prolonged SIT and
subsequent small intestinal bacterial overgrowth (SIBO) and bacterial translocation represent a common
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pathogenetic mechanism in the development of diverse complications of cirrhosis (Sánchez et al., 2005;
Sato et al., 2012; Scolapio et al., 2002). A previous study demonstrated that the propulsion of intestinal
contents by intestinal peristalsis prevented the overgrowth of bacteria (Roland et al., 2015). In the present
study, we found that GE and SIT were delayed in ACLF rats. XCHD treatment accelerated the GE and SIT
compared to the ACLF group. Similarly, the normal percentage of ISW was signi�cantly improved after
than before the XCHD treatment. These �ndings indicated XCHD improves GE and SIT by improving
dysrhythmia of GSW.

Based on the current study design, it was di�cult to determine whether XCHD could directly prohibit
intestinal bacterial overgrowth and reduce the permeability of the intestinal mucosa. It was also possible
that XCHD would have some effects on the intestinal translocation of bacteria or bacterial products via
prokinetic effects on gastrointestinal motility. Therefore, additional follow-up studies are needed to prove
this hypothesis. Although XCHD is a promising drug for treating ACLF in the future, in-depth studies are
essential.

Conclusions
XCHD prevents the progression of acute-on-chronic hepatic failure partially via the prokinetic effects on
gastrointestinal motility to reduce the levels of TNF-α and endotoxin and hepatocyte apoptosis. Although
in-depth studies are needed, the current results suggested that preventive therapy with XCHD
satisfactorily improves cirrhosis and ACLF survival in rats. 
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Figures

Figure 1

Experimental protocols. HXCHD: high dose of Xiao-chai-hu Decoction; MXCHD: middle dose of Xiao-chai-
hu Decoction; LXCHD: low dose of Xiao-chai-hu Decoction.
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Figure 2

Liver of rats. A. normal; B. cirrhosis model; C. ACLF model. ACLF: Acute-on-chronic Liver Failure.

Figure 3

The pathological changes of liver tissue in each group (×10). 1: H&E staining; 2: Masson’s trichrome
staining. A1 and A2: The pathological changes of liver tissue in normal group; B1 and B2: The
pathological changes of liver tissue in cirrhosis model group; C1 and C2: The pathological of liver tissue
in ACLF model. ACLF: Acute-on-chronic Liver Failure.
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Figure 4

Comparison of the serum levels of liver functionality measurements in each group. A: serum level of ALT,
AST, TBIL, and TNF-α in model rats after acute attack with LPS/ D-Gal; B. serum level of ALT and AST; C.
serum level of TBIL; D. serum level of albumin; E. serum level of prothrombin time. Asterisk: signi�cant at
p<0.05.
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Figure 5

Comparison of the survival rate, rat-adapted MELD score and INR in each group. A: Kaplan–Meier
representation of survival of ACLF rats. B: Comparison of MELD score; C: International Normalized Ratio.
Asterisk: signi�cant at p<0.05.

Figure 6

Comparison of the ratios of the area of hepatocyte apoptosis in each group (TUNLE staining, 10 × 40). A:
normal group; B: model group; C: LXCHD treatment group; D: MXCHD treatment group; E: HXCHD
treatment group. F: Comparison of the hepatocyte apoptosis rate. Asterisk: signi�cant at p<0.05.

Figure 7
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Comparison of the serum levels of TNF-α and endotoxin in each group. A. area of hepatic �brogenesis; B.
serum levels of TNF-α; C. serum levels of endotoxin. Asterisk: signi�cant at p<0.05.

Figure 8

Prokinetic effects of XCHD on motility in each group. A: gastric emptying; B. geometric center. Asterisk:
signi�cant at p<0.05.
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Figure 9

The typical signal traces of slow waves of ileum in each group (20 seconds): A. normal group; B. ACLF
group; C. HXCHD group; D. percentage of normal ISW%. Asterisk: signi�cant at p<0.05.


