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Abstract
Background: Jianpi huoxue decoction (JHD), a Chinese herbal formula, is commonly applied in clinical
practice for treatment of alcoholic liver disease (ALD) in China. Involvement of intestinal barrier function
is increasingly recognized in the pathogenesis and progression of ALD. The aim of this study was to
explore whether JHD on potentially protects intestinal barrier function in ALD rats.

Methods: Sprague-Dawley rats were randomly divided into three groups. Model (alcohol-fed) and JHD
groups were fed Lieber-DeCarli liquid diets while rats in the control group were fed isocaloric maltose
dextrin for six weeks. In the last three weeks of the respective diets, rats were intragastrically
administrated JHD. Each rat received a gavage administration of lipopolysaccharide (LPS) before
sacri�ce. Gut leakage was evaluated by measuring LPS in the portal blood. Pathological changes in
ileum tissue were observed by hematoxylin and eosin (H&E) staining. Ultrastructural changes of the
intestinal tract were observed by transmission electron microscopy (TEM). The tight junction (TJ) proteins
ZO-1 and occludin were assessed by western blot and immuno�uorescence. Myosin light chain (MLC)
phosphorylation, a key regulator of TJs, was also assessed by western blot.

Results: JHD administration attenuated Lieber-DeCarli liquid diet-induced hepatic steatosis and
in�ammation. Alcohol feeding increased portal vein plasma LPS levels in the model group. This
deleterious effect was decreased in the JHD-treated group. Moreover, ileum tissue H&E staining
demonstrated that JHD diminished intestinal in�ammation. In addition, TEM indicated that JHD
improved focal loosely packed microvilli. Furthermore, expression of ZO-1 and occludin decreased in the
ileum tract of model rats. Finally, an increased level of p-MLC in the model group was also observed. JHD
treatment reversed phosphorylation of MLC in the ileum.

Conclusions: The above results suggest that JHD has potential value in the prevention and treatment of
ALD in rats; its mechanism of action may be closely related to its effect on improving intestinal barrier
function and attenuating gut leakiness.

Background
Long-term drinking is a major cause of alcoholic liver disease (ALD), which can grow from alcoholic fatty
liver to alcoholic steatohepatitis, liver cirrhosis, and hepatocellular carcinoma (HCC) [1, 2]. Approximately
3% of patients with alcoholic steatohepatitis develop cirrhosis annually [3]. Although the exact
mechanisms of the pathogenesis of ALD are not well understood, a wealth of evidence indicates that
excessive alcohol consumption can cause intestinal permeability to macromolecules and lead to an
abnormal leakage of bacterial endotoxins [4-6]. This results in the release of proin�ammatory mediators
by macrophages and subsequent immunological and cytotoxic events, thereby inducing alcohol-induced
liver injury [7, 8]. Therefore, the prevention of gut leakiness and ameliorating intestinal permeability may
be central to the development of more effective prevention and treatment strategies for ALD [9].
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Previous research has indicated that intestinal barrier function is integral function to gut leakiness [10,
11]. The intestinal barrier is the largest interface between external and internal environments in the
human body [12, 13]. The intestinal barrier not only allows for the selective absorption of nutrients, but
also limits host contact with pathogens and antigens [14]. It consists of a physical barrier, formed by the
tight connection of tight junctions (TJs), which are necessary for intestinal barrier
function [15]. Paracellular passive permeability through TJs regulates the absorption of many
components in the intestine lumen [16]; however, this permeability barrier can be altered by means of a
variety of physiological and pathological events that ultimately lead to an increase in permeability for
bacteria, endotoxins, and other damaging compounds to enter the blood stream through the intestinal
barrier [17].

Jianpi huoxue decoction (JHD), an effective traditional Chinese medicine (TCM) for long-term
management of ALD, consists of eight Chinese herbs (Curuma longa L., Citrus aurantium L., Atractylodes
macrocephala Koidz., Schisandra chinensis (turcz.) Baill., Salvia miltiorrhiza Bge., Paeonia lacti�ora pall.,
Alisma orientale (sam.) Juzep, and Pueraria lobata (willd.) Ohwi). Previous research from our group has
shown that JHD alleviates portal vein endotoxin leakage, suggesting a possible therapeutic use for ALD
[18]. The potential mechanism of action, however, is unclear. Here, we adopted the Lieber-DeCarli liquid
diet to study the hepatoprotective impact of JHD in rats. Subsequently, we investigated whether the
mechanisms of JHD protection against alcoholic liver injury relate to preserving intestinal barrier function
and limiting gut leakiness.

Methods
JHD preparation

The components of JHD are described in Table 1. To prepare JHD, C. longa L., C. aurantium L., and A.
macrocephala Koidz. were distilled for 1–2 h with 60% ethanol three times. The ethanol was �ltered and
recovered. S. chinensis (turcz.) Baill. was extracted twice with 70% ethanol, and the ethanol was �ltered
and recovered. S. miltiorrhiza Bge., P. lacti�ora pall., A. orientale (sam.) Juzep, and P. lobata (willd.)
Ohwi. were extracted with water, and the �ltrate was refrigerated and stored for later use. JHD was
prepared in the Science and Technology Center of Shanghai University of Traditional Chinese Medicine.
The concentration of the crude drug was 0.9 g/mL.

Ultra-high performance liquid chromatography-mass spectrometry (UHPLC-MS) analysis of JHD

JHD index compounds (puerarin, paeoni�orin, naringin, curcumin, atractylolide, schisandrin a, alisol 23b,
and tanshinone) were analyzed using UHPLC-MS. The chromatography method was established on an
ultra-fast liquid chromatography (UFLC) system (SHIMADZU, Kyoto, Japan) with an Agilent Eclipse XDB-
C18 (4.6.150 mm, 5 µm; Santa Clara, CA, USA) analytical column for chromatographic separation. Mass
spectrometric detection was carried out on a 4000 QTRAP (AB SCIEX, Framingham, MA, USA) equipped
with an electrospray ionization source. The analysis was performed with a UHPLC-Q/Exactive system
(Thermo Fisher Scienti�c, San Jose, CA, USA) equipped with a quaternary gradient pump, autosampler,
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and high-resolution mass spectrometry detector. Puerarin, paeoni�orin, naringin, curcumin and
atractylolide were analyzed in ESI- mode, schisandrin a, alisol 23b, and tanshinone were analyzed in ESI+
mode.

Animals

Male Sprague-Dawley (SD) rats (n = 30; 10 rats per group) weighing 130–160 g were acquired from
Shanghai Bikai Laboratory (Shanghai, China). All animal testing protocols were approved by the Animal
Experimental Ethics Committee of Shanghai University of Traditional Chinese Medicine. All rats were kept
in a controlled environment at room temperature (25 °C) and for a 12 h light/dark cycle. After 7 d of
adapting to laboratory conditions, rats were randomly divided into three groups with each group housed
in its own cage.

SD rats were pair-fed a modi�ed Lieber-DeCarli liquid diet (Tables 2 and 3) [19] containing alcohol (model
group, n =10; JHD group, n =10) or isocaloric maltose dextrin (control group, n = 10) for six weeks. After
three weeks on the respective diets, rats were administrated JHD intragastrically for three weeks. Rats in
the JHD group were given JHD. Rats in the control and model groups received equal volumes of double-
distilled water. At the end of the experiment, rats were orally administered 10 mg/kg LPS. After 3.5 h, rats
were sacri�ced and the plasma, liver, and intestinal tissues were collected.

Biochemical assays

The levels of alanine aminotransferase (ALT), aspartate transaminase (AST), and alkaline phosphatase
(AKP) were measured using corresponding commercial test kits (Nanjing Jianchen Bioengineering
Institute, Nanjing, China) according to the manufacturer’s protocols and in accordance with the
manufacturer's agreement. Liver tissue (100 mg) was homogenized in 1.5 mL of 1:1 ethanol:acetone
(v/v). The liver tissue triglyceride (TG) levels were determined using TG quanti�cation kits (Dongou
Bioengineering, Zhejiang, China).

Histopathology

In order to study pathological changes, liver and ileum tissues were �xed in 10% neutral formalin for 48 h.
Then, the tissues were embedded in para�n and sectioned continuously (4 meters thick). The slices were
placed on glass slides and stained with hematoxylin and eosin (H&E; Nanjing Jianchen Institute of Bio
Engineering, Inc.) and examined under a light microscope (Olympus Medical Systems, Tokyo, Japan).
Analyses of liver pathological adjustments were based totally on the percentage of in�ammation,
necrosis (0 points, 0 foci; 1 point, < 2 foci; 2 points, 2–4 foci; 3 points, > 4 foci; per 200× �eld), and
steatosis (0 points, < 5%; 1 point, 6–33%; 2 points, 34–66%; 3 points, > 66%), which were independently
assessed by three examiners [20]. Ileum injury was evaluated by "Chiu" scoring method [21].

Transmission electron microscopy
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A small section of the ileum tissue was �xed for at least 4 h in Karnovsky solution (1% glutaraldehyde in
0.2 M cacodylate buffer, pH 7.4). After �xation, the tissue was washed extensively in Veronal acetate
buffer (90 mM, pH 6.0), stained with uranylmagnesium acetate (0.5%) in equilibration buffer (at 0 °C for
60 min), washed again, dehydrated, and embedded in para�n. Then sections were rapidly cut into 0.5
mm cubes with a diamond knife and stained with uranyl acetate and lead citrate for viewing underneath
a 200 CX TEM at 80 kV. The ultrastructure of TJs in tissues were evaluated by high magni�cation
photography (11,500×).

Lipopolysaccharide assay

Blood was collected in a pyrogen-free, heparin-pretreated tube and centrifuged at 500 × g at 4 °C for 15
min. The LPS plasma ranges were assessed using a chromogenic kinetic limulus amebocyte lysate
assay kit (Associates of Cape Cod, East Falmouth, MA, USA) following the manufacturer’s instructions.

Western blot analysis

An equal amount of protein (30 μg/well) was extracted from each sample, separated by 6–10% sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), then transferred to a nitrocellulose
membrane, and blocked for 1 h with a blocking buffer. The membrane was incubated with the
appropriate primary antibody (Table 4) at 4 °C. The membrane was then washed three times with
phosphate-buffered saline (PBS), then incubated with the appropriate secondary antibody (anti-rabbit IgG
H&L). Finally, enhanced chemiluminescence (ECL) exposure was performed. The HP Scanjet XPA scanner
was used to scan and save the exposure results, and the FR-980 bioelectrophoresis image analysis
system was used to analyze the density integration of each band. Finally, the target western blot density
integration and the interior reference blot density integration were calculated. These ratios were then used
for quanti�cation. 

Immuno�uorescence staining

Ileum tissue was embedded in OCT medium (Sakura Finetek, Torrance, CA, USA) and frozen rapidly in
liquid nitrogen. Brie�y, 8-μm thick cryostat slices were �xed in cold acetone for 15 min, rinsed three times
for 5 min each in PBS, then permeabilized in 0.2% Triton X-100 (in PBS) for 5 min. After rinsing in PBS for
5 min, sections were blocked  with 3% horse serum for 1 h at 25 °C, then incubated with either anti-
occludin (1:100) or anti-ZO-1 (1:50) antibodies overnight at 4 °C. After rinsing three times for 6 min each
in PBS, FITC goat anti-rabbit IgG (1:100) was added and incubated at room temperature for 30 min. The
sections were then imaged with a laser scanning confocal microscope (OLYMPUS-FV10i, Olympus
Corporation).

Quantitative reverse transcription polymerase chain reaction (RT-PCR)

Total RNA was extracted in accordance with the manufacturer's instructions (catalog number:
E928KA9723, Sangon Biotech, Shanghai, China), and the RNA concentration was measured. Reverse
transcription was carried out in accordance with manufacturer’s instructions. The concentration of the
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synthesized cDNA was measured and the cDNA was stored at –20 °C. Speci�c primers for amplifying
target genes and endogenous actin (synthesized by Shanghai Shenggong Co., Shanghai, China) are
provided in Table 5.

The two-step PCR procedure was as follows: one cycle of pre-denaturation at 95 ℃ for 10 sec, followed
by 40 cycles of denaturation at 75 ℃ for 5 sec and ampli�cation at 60 ℃ for 20 sec. The �nal products
were con�rmed using 1.5% agarose gel electrophoresis and melt curve analysis. Relative quantitative
analysis was carried out using the double standard curve method. Calculation and analysis were carried
out using the software program in the Rotor-Gene RG-3000 (Gene Co., Hong Kong, China).

Statistical analysis

Comparisons between groups were performed using one-way analysis of variation (ANOVA). Dunnet's
multiple comparison post-tests were used to compare the means of different groups. The results are
expressed as mean ± standard deviation. SPSS 24.0 (IBM, Armonk, NY, USA) and GraphPad Prism 7.0
(GraphPad Software, San Diego, CA, USA) were used for analysis, and P < 0.05 was considered
statistically signi�cant.

Results
UHPLC analysis of JHD

The results indicated that the chromatographic separation of all the analytes was satisfactory, and there
was no interference in the solvent. The contents of naringin, paeoni�orin, puerarin, schisandrin a,
atractylolide, and curcumin in JHD were 1.880%, 1.878%, 1.432%, 0.00718%, 0.00476%, and 0.00430%,
respectively, while alisol 23b and tanshinone were not detectable (Fig 1).

Effect of JHD on liquid diet intake and body weight

Individual mice were weighed and food intake was recorded every 3 d. Both the total volume of liquid
diets and average body weight in each experimental group were measured to compare the amount of
alcohol intake and calories. There was no signi�cant difference between the three groups (P > 0.05),
suggesting that no effect from diet and alcohol consumption on the experimental results (Fig 2). One rat
from the JHD group died due to improper intragastric irrigation during the �rst week of treatment.

JHD ameliorated alcohol-induced liver injury

Biomarkers of liver damage were analyzed and H&E staining was performed to determine the degree of
chronic alcoholic liver injury. Steatosis was corroborated by biochemical measurement of the levels of
hepatic TG. Chronic daily alcohol consumption caused liver injury based on all our outcome
measures. Analysis of serum AST, ALT, and AKP showed that enzyme levels in the model group were
signi�cantly higher than the control group, whereas JHD pretreatment resulted in signi�cantly decreased
expression (P < 0.05; Fig 3a–c). The liver H&E results were consistent with the signi�cant changes in the
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levels of hepatic TG. JHD signi�cantly decreased the TG content in the liver (P < 0.05; Fig 3d). H&E
staining revealed extensive steatosis with in�ammatory in�ltration in ethanol-fed rats. Most
macrovesicular steatosis was around the vein, progressively extending to the mid-zonal and periportal
regions. Some ballooned hepatocytes showed watery and edematous, wispy, rare�ed cytoplasm. When
these changes were quanti�ed using histological liver damage index scores, the scores of alcohol-fed rats
were signi�cantly higher (P < 0.01) than control rats. By contrast, pathological changes and damage
index scores were signi�cantly improved in the JHD-treated group (Fig 3e–g). 

JHD ameliorated gut-leakage in ALD

We next compared LPS translocation and ileum morphology to assess intestinal epithelial permeability
after long-term ethanol intake and JHD administration. The level of portal vein blood LPS, measured 3.5 h
after a single oral dose of 10 mg/kg LPS, in the model group was signi�cantly higher than in the control
group (P < 0.05). JHD treatment reduced LPS uptake levels (P <0.05; Fig 4a). 

The ileum H&E staining and "Chiu" score showed that long-term ethanol stimulation signi�cantly
increased the microvilli of epithelial cell injury and caused mild in�ammatory cell in�ltration. JHD
pretreatment prevented these abnormalities and restored their morphology. In addition, ileum pathological
scores of the JHD-treated group were signi�cantly improved (Fig 4b,c). TEM images of ileum epithelial
cells in the model group revealed that brush border microvilli at the apical surface became more loosely
packed and highly variable in length compared with the control group. Moreover, the ultrastructure of
intercellular junctions, especially TJs, were disrupted in ethanol-fed rats. In contrast, ileum epithelial cells
from JHD-treated rats showed slightly more degeneration, with occasional nuclear pyknosis, improved
focal loosely packed microvilli, and integrated connection structures of TJs (Fig 4d).

JHD restored intestinal tight junctions in ALD

We next explored the effects of JHD treatment on TJ alterations in rats administered a Lieber-DeCarli
ethanol liquid diet. Protein expression analysis demonstrated that JHD-treatment maintained ZO-1 and
occludin expression levels in chronic alcoholic livers in JHD-treated rats. JHD could upregulate
expression of ZO-1 and occludin protein in the ileum (P < 0.01, Fig 5a,b). However, the mRNA expression
levels for these two genes were markedly lower in the model group compared to the control group. JHD
treatment signi�cantly prevented drastic losses in the expression of these two mRNAs (P < 0.05 or P<
0.01, Fig 5c). 

Confocal laser scanning micrographs of immuno�uorescence staining showed that the cytoplasmic
plaque protein ZO-1 was predominantly expressed in the cytosolic fraction, and the transmembrane TJ
protein occludin was primarily expressed in the membrane fraction. JHD administration clearly reduced
the loss of both ZO-1 and occludin in ethanol-treated rats (Fig 5d).

JHD downregulated phosphorylation of MLC in the ileum
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MLC kinase (MLCK)-mediated MLC phosphorylation is a key regulator of TJ permeability. We measured
MLCK and p-MLC levels using western blotting to investigate how these enzymes modulate the TJ
proteins during paracellular permeability changes. Long-term ethanol intake slightly reduced the
expression of MLCK, although this difference was not signi�cant. The levels of p-MLC in ileum, however,
were substantially enhanced (P < 0.01). JHD could downregulate ethanol-induced MLC
phosphorylation (P < 0.05; Fig 6).

Discussion
In the current study, we investigated the effect of JHD treatment on amelioration of ALD in rats and
probed the underlying mechanisms. We used the traditional Lieber-DeCarli model, which is an easy,
accurate, and dependable model to identify pathogenesis of the early stages of ALD [19]. The Lieber-
DeCarli diet induced extreme liver injury, as evidenced by the signi�cant increases in plasma ALT, AST,
AKP, and hepatic TG, as well as by the pathological changes in the liver (e.g., steatosis and in�ammation),
which were remarkably ameliorated following JHD treatment.

Our prior research demonstrated that JHD alleviates alcohol-induced liver injury [18]. This study
preliminarily con�rmed that the levels of plasma LPS in the model group were signi�cantly higher than
the control group. Ileum pathology and electron microscopy revealed intestinal epithelial cell
disorganization with abnormal morphology in alcohol-exposed rats. Here, we showed that JHD can
signi�cantly reduce the levels of serum LPS. Moreover, in�ammation of the ileum was alleviated as
evidenced by H&E staining and electron microscopy. Our outcomes indicated that LPS affects ALD
occurrence, and there is a positive correlation between the ileum and liver.

Dysbiosis of the intestinal barrier is closely related to the onset and progression of ALD [22]. The
intestinal barrier can not only selectively permit the absorption of nutrients, but also maintains a robust
defense against intestinal endotoxins, antigens, and microorganisms from entering the blood circulation
[14]. The physical barrier is provided by TJs between epithelia and is the most essential section of the
intestinal barrier [23]. Occludin is a key TJ protein and its expression levels determine properties of the
intestinal tissue barrier [24]. ZO-1 is a peripheral membrane protein which is crucial for TJ assembly and
maintenance, due in part to protein-protein interactions with occludin [25]. We also demonstrate that the
protein and mRNA levels of ZO-1 and occludin were remarkably increased by JHD treatment, returning to
basal levels consistent with no alcohol exposure. In addition, immuno�uorescence results suggest that
JHD can considerably enhance the localized sparseness of microvilli on the surface of the ileum mucosa,
and irregular arrangement and uneven distribution of ZO-1 in the ileum. This suggests that JHD can
enhance intestinal permeability by improving TJs in intestinal epithelial cells.

Based on the above results, we tried to determine how JHD treatment induced upregulation of ZO-1 and
occludin and enhanced the stability of epithelial cell TJs. MLCK-mediated MLC phosphorylation and
myosin contractility are essential for the regulation of physiological and pathological functions of the
intestinal barrier [26]. A previous study con�rmed that epithelial cell lines with altered MLC
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phosphorylation were unable to signi�cantly strengthen barrier function, suggesting that TJ assembly
was disrupted [27]. In addition, a recent study showed that MLCK, especially p-MLC, induces contraction
of the prejunctional actomyosin ring, indicating that it is a key regulator of TJ permeability [28]. In vivo, p-
MLC causes a subtle change in ZO-1 localization, and immuno�uorescence imaging con�rmed decreased
ZO-1 staining [29]. In vitro, p-MLC elevates TJ permeability, redistributes ZO-1 and occludin, and alters
morphology and biochemical function [30]. We detected MLCK and p-MLC protein expression in ileum;
however, the expression of MCLK protein did not differ signi�cantly between the control and model
groups (P > 0.05). However, the level of p-MLC protein in the model group was signi�cantly higher than the
control group. After JHD treatment, p-MLC levels decreased signi�cantly. This suggests that alcohol
stimulation leads to MLC phosphorylation, in�icting injury to the physical barrier of the ileum. JHD can
decrease the level of p-MLC, thereby regulating TJs and enhancing intestinal permeability.

This study demonstrated that JHD can protect against ALD and ameliorate hepatic steatosis and hepatic
in�ammation. In addition, JHD protected against ALD is achieved at multiple levels within the ileum,
including decreasing in portal vein LPS levels, regulating intestinal tight junctions via inhibiting p-MLC,
and enhancing intestinal barrier function (Fig. 7). These results demonstrate that the protective actions of
JHD in the ileum critically contribute to its bene�cial effect against alcoholic steatohepatitis. However,
further studies are needed to clarify the mechanism by which JHD affects ALD in rats.

Conclusions
The above results suggest that JHD has potential value for the prevention and treatment of ALD in rats,
and its mechanism may be closely related to its effect on protecting intestinal barrier function and
attenuating gut leakiness.
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JHD, Jianpi huoxue decoction; ALD, alcoholic liver disease; HCC, hepatocellular carcinoma; LPS,
lipopolysaccharide; TJs, tight junctions; MLCK, myosin light chain kinase; p-MLC, phosphorylated myosin
light chain; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AKP, alkaline phosphatase;
TG, triglyceride; ZO-1, zonula occludens 1; TCM, traditional Chinese medicine
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Table  . Components in the formula of JHD
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Chinese
name

Botanical name Family name Production place Processing
method

Jiang
Huang

Curuma longa L. Zingiberaceae Fujian
Province  China

Ethanol
extraction

Zhi Qiao Citrus aurantium L. Rutaceae Jiangxi Province
China

Ethanol
extraction

Bai Zhu Altractylodes macrocephala
Koidz.

Asteraceae Zhejiang Province,
China

Ethanol
extraction

Wu Wei Zi Schisandra chinensis
(turcz.) Baill.

Magnoliaceae Liaoning Province,
China

Ethanol
extraction

Dan Shen Salvia miltiorrhiza Bge. Labiatae Shandong
Province, China

Water
extraction

Bai Shao Paeonia lzctiilora pall. Ranunculaceae Anhui Province
China

Water
extraction

Ze Xie Alisma orientalis (sam.)
Juzep.

Alismataceae Sichuan Province
China

Water
extraction

Ge Gen Pueraria lobata (willd.)
Ohwi.

Leguminosae Anhui Province
China

Water
extraction

Table . Lieber-DeCarli diet composition

Ingredient Grams/Liter of diet

Casein 41.4

L-Cystine 0.5

DL-Methionine 0.3

Corn Oil 8.5

Olive Oil 28.4

Sa�ower 2.7

Maltose Dextrin 25.6

Cellulose 10.0

Salt Mix 8.75

Vitamin Mix 2.5

Choline Bitartrate 0.53

Xanthan Gum 3.0

95% ethanol   67.3 ml

Table . non-alcohol diet composition
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Ingredient Grams/Liter of diet

Casein 41.4

L-Cystine 0.5

DL-Methionine 0.3

Corn Oil 8.5

Olive Oil 28.4

Sa�ower 2.7

Maltose Dextrin 115.2

Cellulose 10.0

Salt Mix 8.75

Vitamin Mix 2.5

Choline Bitartrate 0.53

Xanthan Gum 3.0

Table . Antibodies for western blotting and immuno�uorescence staining

Antibody Manufacturer catalog Species Western
blotting

Immuno�uorescence
staining

ZO-1 santa cruz
biotechnology, SC-10804

Rabbit 1: 100 1: 50

Occludin Abcam, ab31721 Rabbit 1: 250 1:100

MLCK EPITOMICS, 2095-1 Rabbit 1: 1000  

p-MLCK Cell signaling, #3671 Rabbit 1: 1000  

-tublin EPITOMICS, 2251-1 Rabbit 1: 1000  

FITC santa cruz
biotechnology, SC-2012

Goat   1 100

Anti-rabbit IgG
H&L

Biotech, MR-G100 Goat   1 5000

 

Table  . DNA sequences of mouse primers used for real-time RT-PCR
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Target gene Sequence Product length, bp

ZO-1 5'-CAC CAG ACC ATG CTT CAG TGA GA-3'(F)

5'-GTT GCA TGG CTG TTC ACA GGA-3'(R)

151bp

Occludin 5'-GTC TTG GGA GCC TTG ACA TCT TG-3'(F)

5'- GCA TTG GTC GAA CGT GCA TC-3'(R)

174bp

β-actin 5'-TGA CGA GGC CCA GAG CAA GA-3'(F)

5'-ATG GGC ACA GTG TGG GTG AC-3'(R)

331bp

Figures
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Figure 1

UHPLC chromatograms of the JHD. (A) and (B): Standard sample (the upper) and JHD (the lower). (A)
Schisandrin a, alisol 23b and tanshinone were analyzed in ESI+ mode. Alisol 23b and tanshinone were
not detectable. (B) Puerarin, paeoni�orin, naringin, curcumin and atractylolide were analyzed in ESI-
mode.



Page 18/22

Figure 2

General conditions of the rats in each group. (A) Volume of liquid diet intake. (B) Calorie intake. (C) Body
weight. Data are represented as means±SD. Control, n=10; Model, n=10; JHD, n=9.

Figure 3

JHD reduces liver dysfunction and improves histopathological changes in the liver of ALD rats. (A-D)
Serologic indicators of liver function. (A) Aspartate aminotransferase levels (AST). (B) Alanine
aminotransferase levels (ALT). (C) Alkaline phosphatase levels (AKP). (D) Hepatic TG. (E) Representative
images of H&E staining, (200×). ( F) Steatosis scores. (G) In�ammation scores. Data are represented as
means±SD. Control, n=10; Model, n=10; JHD, n=9. * P 0.05, ** P 0.01 vs. the control group; # P 0.05, ##
P 0.01 vs. the model group.
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Figure 4

JHD signi�cantly decreases the plasma endotoxin level by improving intestinal hyper-permeability in ALD
rats. (A) The plasma endotoxin levels in portal vein. (B) Representative images of the intestine with H&E
staining. Original magni�cation, (200×). (C) Intestine in�ammation scores. (D) Transmission electron
micrographs images of intestinal epithelial cells. Original magni�cation, ( 11500×). Data are represented
as means±SD. Control, n=10; Model, n=10; JHD, n=9. * P 0.05, ** P 0.01 vs. the control group; # P 0.05,
## P 0.01 vs. the model group.
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Figure 5

JHD inhibits the ethanol-induced intestinal barrier dysfunction by regulating the intestinal epithelial tight
junction. (A-B) Western blot analysis of ZO-1 and occludin protein expression level in intestine, and semi-
quantitative analysis was performed with ImageJ software. (C) Gene expression analysis (RT–PCR) of
ZO-1 and occludin in intestine. (D) Confocal images representing immuno�uorescence staining for ZO-1
and occludin in cryosections of intestine biopsies. Data are represented as means±SD. Control, n=10;
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Model, n=10; JHD, n=9. * P 0.05, ** P 0.01 vs. the control group; # P 0.05, ## P 0.01 vs. the model
group.

Figure 6

JHD prevents intestinal mucosal mechanical barrier associated with reducing ethanol-induced
phosphorylation of myosin light chain. (A)Western blot analysis of MLCK and p-MLC protein expression
level in intestine. (B) The gray-level score indicates the immunoblotting histogram for MLCK and p-MLC,
performed with ImageJ software, expressed in arbitrary units. Data are represented as means±SD.
Control, n=3; Model, n=3; JHD, n=3. * P 0.05, ** P 0.01 vs. the control group; # P 0.05, ## P 0.01 vs.
the model group.
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Figure 7

Patterns of effectiveness of JHD for the treatment of ALD by regulating intestinal tight junctions via
inhibiting myosin light chain phosphorylation and protecting intestinal barrier function.
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