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Abstract
AIM: To investigate the inhibitory effect of natural taurine (NTau) on portal hypertension (PHT) in rats with
experimentally-induced liver cirrhosis (LC).
METHODS: Experimentally-induced LC Wistar rats (20
rats/group) were treated with either oral saline or oral
NTau for 6 consecutive weeks. Evaluation parameters
included portal venous pressure (PVP), portal venous
resistance (PVR), portal venous flow (PVF), splanchnic
vascular resistance (SVR) and mean arterial pressure
(MAP). Vasoactive substance levels including nitric oxide (NO), nitric oxide synthase (NOS) and cyclic guanosine monophosphate (cGMP) were also measured.
Histological investigation of type Ⅰ and Ⅲ collagen
(COL Ⅰ and Ⅲ) and transforming growth factor-β 1
(TGF-β1) was also performed.
RESULTS: Treatment with NTau (1) significantly decreased PVP, PVR and PVF, and increased MAP and
SVP; (2) markedly increased the vascular compliance
and reduced the zero-stress of the portal vein; (3)
markedly decreased the amount of NO and cGMP and
activity of NOS; and (4) improved the pathological sta-

tus of the liver tissue and reduced the expression of
COL Ⅰ, COL Ⅲ and TGF-β1.
CONCLUSION: NTau inhibited the LC-induced PHT
by improving hyperdynamic circulation, morphology of
liver and biomechanical properties of the portal vein in
experimentally-induced LC rats.
© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Liver cirrhosis (LC)-induced portal hypertension (PHT),
also referred to as hepatocirrhotic portal hypertension, is
highly susceptible to life-threatening complications such
as esophageal and fundus ventriculi variceal bleeding,
as well as ascites and hepatic encephalopathy (HE),
resulting in high mortality among this group of patients.
Currently, several treatment modalities are commonly
employed for the management of LC-induced PHT,
including systemic drug treatment, surgical intervention,
endoscopic ligation, and liver transplantation. Although
endoscopic ligation is useful in preventing initial
hemorrhage in the upper digestive tract, it is less effective
when dealing with recurring bleeding [1]. Transjugular
intrahepatic portosystemic stent shunt (TIPSS) can,
to a certain extent, reduce various complications of
PHT. It may, however, augment the incidence of HE.
Therefore, TIPSS is not generally the first therapeutic
option for patients with PHT owing to its inability to
improve the survival rate[2]. On the other hand, liver
transplantation is regarded as the last option to combat
advanced liver cirrhosis. However, the inherent risk
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associated with this radical surgical procedure and the
inevitable high costs of organ transplantation, together
with the long-standing disturbance of the systemic
hemodynamics after transplantation, practically prevents
it from being a routinely used method. Presently, longterm pharmacological treatment is still the mainstay
for LC-induced PHT. To date, to develop an effective
therapeutic approach for the management of LCinduced PHT remains a formidable challenge to many
researchers in the field.
Our previous study showed that natural taurine (NTau)
markedly inhibited the contraction and collapse of
hepatic stellate cells (HSCs)[3]. It has been well established
that contraction of HSCs significantly contributes to
the initiation and progression of hepatocirrhotic portal
hypertension[4,5]. As a continuation of our previous efforts
to evaluate the therapeutic potential of NTau for LCinduced PHT, the present study aims at investigating the
inhibitory effects of NTau on PHT, specifically focusing
on the perspectives of hepatic “forward” and “backward”
flow theories as well as on portal venous biomechanics
and hemodynamics.

MATERIALS AND METHODS
Animals and reagents
Male specific-pathogen-free (SPF) Wistar rats weighing
215 ± 18 g were provided by the Centre of Experimental Animals, Guangxi Medical University, Nanning,
Guangxi Province, China. Immunohistochemical staining
kits for type Ⅰ collagen (COL Ⅰ), type Ⅲ collagen (COL
Ⅲ) and transforming growth factor-β1 (TGF-β1) were
purchased from the Wuhan Boster Biological Technology Ltd (Wuhan, Hubei Province, China). Assay kits for
nitric oxide (NO), nitric oxide synthase (NOS) and cyclic
guanosine monophosphate (cGMP) were obtained from
the Nanjing Jiangcheng Bioengineering Institute (Nanjing, Jiangsu Province, China). The instruments used in
the current project included an electromagnetic flowmeter (MFV-3200; Nihon Kohden, Japan), an 8-channel
physiology recorder (RM-6000; Nihon Kohden, Japan),
an ultraviolet spectrophotometer (80-2106-20; Pharmacia, UK), a UV-spectrophotometer (9100; Beijing Rayleigh Analytical Instrument Corporation, Beijing, China),
and a light microscope (BX51, Olympus, Japan).
Extraction of NTau
The natural taurine (2-aminoethyl-sulfonic acid) used in
the present study was extracted from black clams (Meretrix
meretrix L.). Briefly, after the clam meat was cleaned
and weighed (500 g), it was then minced in an electrical
blender (4000 r/min) ten times, with each process lasting
for about 10 s. Distilled water (1 L) was then added into
the mince and further homogenized for 30 min. The
mixture was then boiled in a water bath at 100℃ for
30 min, followed by filtering the mixture through four
layers of gauze. The residue on the top of the gauze was
discarded and the filtrate was then centrifuged to obtain
the supernatant, which was then de-acidified with HCl
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(HCl:H2O = 3). After centrifugation, the proteins were
adjusted to pH 10 with NaOH (20%) aqueous solution
to yield the de-alkalined proteins. After the pH value was
adjusted to 5, the supernatant was further condensed.
The other unwanted amino acids and pigments were
removed by column chromatography using strong acid
cation exchange resin as the solid phase and eluting with
distilled water. The resultant NTau was quantitatively
measured by high performance liquid chromatography
(HPLC) and the purity of the NTau was determined to
be 98.8%.
Establishment of animal model and treatment protocol
An animal model of LC was established following a
previously described protocol[6]. In brief, rats were fed
with animal chow consisting of 80% corn flour, 19.5%
animal fat and 0.5% cholesterol. The animals were only
allowed to drink 15% aqueous alcohol. After an initial
subcutaneous injection of a 40% CCl4-olive oil solution
at a dose of 5 mL/kg, the subcutaneous injections
were repeated once every 3 d at a dose of 3 mL/kg
for a total duration of 42 d. All rats were kept at room
temperature under 12-h dark/light cycles and received
humane care in accordance with the Guidelines of the
Guangxi University of Chinese Medicine for the Care of
Laboratory Animals.
Forty Wistar rats were randomized into 2 groups,
with 20 rats in each group: a model group without NTau
treatment (LC - NTau), and a model group treated
with NTau (LC + NTau). During establishment of the
model, rats in the LC + NTau group were concomitantly
administered with 600 mg/kg NTau by gavage once
daily, while LC - NTau group received only saline.
Another 20 Wistar rats which received only normal
animal chow and no CCl 4-olive oil solution injection
were also used as the normal healthy control (NML) in
the experimental design.
Influence of NTau on the “forward flow” theory of LC
Measur ement of hemodynamic parameter s:
Measurement of the hemodynamic parameters was
conducted according to the methods described previously[7]
and was performed by an experienced technician affiliated
to the first author’s research group. Briefly, the animals
were fasted for 8 h prior to measurement. Pentobarbital
sodium (30 mg/kg) was injected through an ear vein to
induce anesthesia. Then, a median epigastric incision
was made in each animal which was placed in a supine
position. The main portal vein (about 2 cm in length) was
dissociated and exposed by blunt dissection. An incision
was made followed by placement of an electromagnetic
probe with an appropriate caliber connected with the
electromagnetic flowmeter into the portal vein to measure
the portal venous flow (PVF). Similar catheterizations
were made into the portal vein and carotid artery for the
measurement of the portal venous pressure (PVP) and
mean arterial pressure (MAP) with the aid of a physiology
recorder. All data were recorded after the hemodynamic
parameters were stabilized. Portal venous resistance
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(PVR) and splanchnic vascular resistance (SVR) were also
calculated separately using the following equations PVR =
PVP/PVF and SVR = MAP/PVF, respectively.
Determination of NO, NOS and cGMP in portal
venous blood: Heparinized portal venous blood (5 mL)
was obtained and centrifuged at 3000 r/min for 10 min.
The serum was extracted for determination of the concentrations of NO, NOS and cGMP using the nitrate
reductase method, chemical colorimetry and radioimmunoassay respectively according to the manufacturers’
instructions.
Influence of NTau on the “backward flow” theory of LC
Histological investigation of the liver tissue: Twentyfour hours after the last dosing of the experiment, the
rats were anesthetized with ethyl ether, and the livers
were quickly removed from the etherized animals. Tissue mass of a size measuring about 1 cm × 1 cm × 1 cm
was collected from a site about 0.5 cm distant from the
hepatic margin of the left lobe and then placed in a 4%
paraformaldehyde solution for fixation for 24 h. The tissue mass was dehydrated in increasing concentrations of
ethanol. After hydration, wax-impregnation, embedding
and sectioning, HE and Masson staining were sequentially performed. Morphological changes and the degree
of fiber hyperplasia of the liver tissue in rats with LC
were observed under a light microscope. The grading
of LC was performed according to the Knodell HAI,
Scheuer, METAVIR, modified Ishak HAI and Chevallier
grading systems[8,9].
Quantitative detection of COL Ⅰ, COL Ⅲ and
TGF-β1 in liver tissue: Liver tissue was fixed with 10%
formalin and embedded in paraffin. Then, serial sections
(4 μm) were cut. Immunohistochemical staining was
performed by the Streptavidin-biotin complex (SABC)
method. Briefly, the paraffin sections were baked in an
oven at 60℃ for 1 h and then placed into a pure xylene
solution for deparaffinage twice, with each lasting for 15
min. The sections were then placed into a 3% hydrogen
peroxide solution at room temperature for 30 min to
inactivate endogenous peroxidase, followed by boiling
in a 0.01 mol/L citrate buffer under high temperature
and pressure conditions for 2 min. After this, the tissues
were covered with a normal goat serum blocking buffer
and placed in an incubator at 37℃ for 30 min. Subsequently, anti-COL Ⅰ, COL Ⅲ and TGF-β1 primary antibodies were separately added at a dilution of 1:100 to
the tissues. The sections were incubated at 37℃ for 30
min. After being kept at 4℃ overnight, the sections were
washed thoroughly in PBS (5 min × 3 times), and then
biotin secondary antibody was added before incubation
at 37℃ for 30 min. The sections were washed again in
PBS (5 min × 3 times) and in distilled water (3 min × 3
times), followed by incubation with avidin-peroxidase at
37℃ for 20 min. 3,3′-diaminobenzidine (DAB) was added after smearing. The color developing was monitored
under a light microscope. The staining was stopped by
washing the sections in distilled water. Following stain-
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ing with hematoxylin for 1 min and washing in distilled
water, the sections were sequentially dehydrated in 95%
and 100% ethanol for 5 min each. After air drying, the
sections were sealed by neutral gum and observed under
a light microscope. Mias-2000 image analysis software
(Institute of Image and Graphics, Sichuan, China) was
used for quantitative measurement. The ratio of the positive area of COL Ⅰ, COL Ⅲ and TGF-β1 to the overall
visual field area was calculated.
Determination of biomechanics of the portal vein:
After sacrifice of the rats, the main portal vein was immediately removed and connected to a three-way baroceptor. The pressure was amplified by a dynamic electric
resistor which was linked to a computer. The biomechanics of the portal vein were evaluated by measuring
the corresponding pressure when the relative volume
of blood vessels was changed. The vascular compliance,
denoted as C, was calculated using the following formula: C = 2πR·ΔR/ΔP, where R represents the radius of
the blood vessel, ΔR and ΔP are the change of the radius
and portal vein pressure respectively.
To measure the zero-stress state of the blood vessels,
cross-sections were made across the portal vein and
arterial rings were obtained. A cut along the ventral
margin of the arterial ring was made and the expanded
angle of the arteriae aorta was observed under an
anatomical microscope. The photographic recording
was carried out, followed by printing out on paper. The
included angle, i.e. the opening angle, which was formed
from the midpoint of the inner lining of the arterial
ring to the two broken ends of the inner lining, was
measured and used to represent changes in the zerostress state of the blood vessels. In each rat, 5 open
angles of the arterial ring were measured and their mean
value was calculated.
Statistical analysis
Data were expressed as mean ± SE. Statistical
comparisons among NTau-treated animals, non-treated
model controls, and healthy controls were carried out
using one-way analysis of variance (ANOVA), followed
by post-hoc Dunnett’s test using the appropriate group
as the control. Comparison of degrees of LC between
groups was conducted by rank sum test. The analysis
was performed on the SPSS for Windows (version 14.0).
Differences were considered significant at P < 0.05 or P <
0.01.

RESULTS
Effect of NTau on hemodynamic alterations
Table 1 summarizes the hemodynamic data of the normal
healthy animals, those having undergone LC induction
and LC animals treated with NTau for six consecutive
weeks. Compared with the normal healthy control group,
the LC rats had very significantly higher PVP (P < 0.01),
and the PVF and PVR were also markedly elevated in
the experimentally-induced LC animals, while the MAP
and SVR were considerably lower in these model animals
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Table 1 Comparison of the portal hemodynamics in different groups of animals

NML
LC - NTau
LC + NTau

MAP (mmHg)

PVP (mmHg)

PVF (mL/min per kg)

SVR (mmHg/mL per min/kg)

PVR (mmHg/mL per min/kg)

105.12 ± 8.56
90.23 ± 4.51a
93.42 ± 3.25c

5.26 ± 0.72
7.85 ± 0.91a
5.38 ± 0.65d

43.15 ± 1.23
59.65 ± 4.32a
48.21 ± 2.25c

2.1 ± 0.23
1.61 ± 0.26b
1.81 ± 0.35c

0.07 ± 0.03
0.10 ± 0.04a
0.07 ± 0.05c

a

P < 0.05, bP < 0.01 vs the normal healthy control group; cP < 0.05, dP < 0.01 vs the non-treatment model group.

Table 2 Effects of NTau on the concentrations of NO,
cGMP and activity of NOS in portal venous blood

NML
LC - NTau
LC + NTau

n

NO (μmol/L)

cGMP (nmol/L)

NOS (U/L)

20
20
20

21.41 ± 2.32
48.56 ± 3.61a
33.14 ± 5.33b

0.21 ± 0.02
0.34 ± 0.04a
0.26 ± 0.01c

2.88 ± 1.35
6.45 ± 0.42a
3.81 ± 1.21c

P < 0.05 vs the control group; bP < 0.01, cP < 0.05 vs the non-treated model
group.

Table 3 Degrees of liver cirrhosis of rats in different
experimental groups
n

NML
LC - NTaub
LC + NTaud

a

(P < 0.05). The treatment with NTau significantly
attenuated PVP (P < 0.01), PVF and PVR (P < 0.05)
when compared with the non-treated model group.
Accordingly, the NTau treatment enhanced the MAP and
SVR (P < 0.05). These experimental data suggest that
NTau was able to improve the hemodynamic conditions
in animals with LC.
Effects of NTau on the concentrations of NO and cGMP
and activity of NOS in the portal venous blood
The effects of NTau on the concentrations of NO and
cGMP and NOS activity are summarized in Table 2.
When compared with the healthy control group, the
amount of NO and cGMP and the activity of NOS were
significantly increased in animals with LC. Treatment
with NTau caused a significant reduction in NO (P <
0.01) and cGMP (P < 0.05) content in the blood and
in the activity of NOS (P < 0.05) when compared with
that of the non-treated LC animals. The data derived
from this experiment indicate that treatment with NTau
significantly mitigates the release and activation of
vasoactive substances such as NO, cGMP and NOS.
Histological investigation of the liver tissue
Histological observation of normal rat liver under HE
staining was characterized by intact and distinct structure
of liver tissue, normal structure of hepatic lobules,
and radial distribution of a cord-like arrangement of
hepatocytes around the central vein (Figure 1A). In
experimentally-induced LC rats, abnormal histological
features were observed such as the destruction of the
normal structure of hepatic lobules; extensive fibroplasia
of interstitial tissue of the liver, which divided the
hepatic lobules into different sizes of hepatocellular
mass (i.e. formation of pseudo-lobules); extensive
fatty degeneration of hepatocytes with some necrosis;
and infiltration of many inflammatory cells into the
portal areas and hepatic lobules. In the NTau-treated

20
20
20

Grading of LC

1

S0

SⅠ

SⅡ

SⅢ

SⅣ

SⅤ

SⅥ

0
0
0

0
0
0

0
0
2

0
0
6

0
5
7

0
12
5

0
3
0

1

Grading criteria: S0, normal structure of liver tissue, which is characterized
by an absence of deposition of abnormal collagen fibers; SⅠ, occurrence of
fibrous septa (FS) due to hyperplasia of collagen fibers in portal areas (P)
or areas surrounding the central vein (C); extension of FS within 50% of
the distance between two portal areas (P-P) or between portal and central
vein areas (P-C); SⅡ, extension of fibrous septa beyond 50% of the P-P or
P-C; connection of fibrous septa is either incomplete or complete; absence
of completely enclosed or separated hepatic lobules; S Ⅲ, presence of
completely enclosed hepatic lobules by FS; SⅣ, separation of hepatic lobules
by extensive hyperplasia of collagen fibers; destruction of the normal lobular
structure; pseudo-lobules formed are mainly large-square-shaped (> 50%); S
Ⅴ, concomitant presence of large-square- and small-round-shaped pseudolobules (both less than 50%); and SⅥ, intrahepatic pseudo-lobules are mainly
small-round-shaped (> 50%). bP < 0.01 vs the normal healthy control; dP < 0.01
vs the non-treated LC group.

group, the damage of the structure of hepatic lobules
was still observed, but with milder fibroplasia, fewer
infiltrations of inflammatory cells and only modest
foamy degeneration of hepatocytes when compared with
the non-treated LC rats. Under Masson staining, only a
small amount of collagen was observed in the normal
healthy group. In contrast, a large amount of collagen
fibrils were found in the LC model rats; however, only
thin collagen fibrils were observed in the NTau-treated
animals.
The degree of LC in all three animal groups is
presented in Table 3. It is evident that the experimental
procedure involved in establishing the model, essentially
the high fat diet and injection of CCl4, succeeded in
inducing LC in all rats, and the degree of LC ranged
from SIV to SVI. The treatment with NTau succeeded in
ameliorating the extent of LC.
COL Ⅰ , COL Ⅲ and TGF-β 1 changes in the liver tissue
Figure 2 is a bar chart presentation of the ratio of
the positive area of COL Ⅰ, COL Ⅲ and TGF- β 1
in the different animal groups. It is evident that the
induction of LC in the model rats significantly increased
the amount of COL Ⅰ, COL Ⅲ and TGF- β 1 , with
COL Ⅰ increasing from 9.41 ± 1.36 to 30.63 ± 8.25,
COL Ⅲ from 10.55 ± 2.46 to 33.65 ± 7.52, and TGF-β1
from 15.37 ± 4.62 to 31.28 ± 7.85, respectively. The
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Figure 1 Histological fingdings of liver tissue of the rats in different experimental groups. A: Normal healthy rats; B: LC rats; C: NTau-treated groups.
(magnification, 10 × 20).
50

CIL Ⅰ

Ratio of positive area (%)

45

COL Ⅲ

40

TGF-B1

35
30
25
20
15
10
5
0

Healthy control
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NTau treatment

Figure 2 Bar chart presentation of the amount of COL Ⅰ, COL Ⅲ and
TGF-β1 in the liver tissue of rats in different experimental groups.

intervention with NTau was capable of reducing the
amount of all these parameters in the LC rats, with
COL Ⅰ decreasing from 30.63 ± 8.25 to 17.58 ± 3.6,
COL Ⅲ from 33.65 ± 7.52 to 20.34 ± 6.41 and TGF-β1
from 31.28 ± 7.85 to 22.17 ± 5.43, respectively. Figures
3-5 present the immunohistochemical analysis data of
the expression of COL Ⅰ, COL Ⅲ and TGF-β1 in the
liver tissue of the different experimental groups.
COL Ⅰ was only slightly expressed in the basement
membrane of the central vein of the hepatic lobules in
the normal healthy rats. Its expression was significantly
elevated in the LC rats with thicker collagen fibrils
clearly detectable in the connective tissue surrounding
the hepatocytes. Compared with the non-treated
model group, the rats in the NTau treatment group
had conspicuously reduced expression of COL Ⅰ and
thinner collagen fibrils in the connective tissue
surrounding the hepatocytes. There was mild expression
of COL Ⅲ in the interstitial connective tissue
surrounding hepatocytes in the normal healthy rats.
However, significantly increased and thickened COL Ⅲ
fibrils were observed in the interstitial connective tissue
surrounding hepatocytes in the model group. Treatment
with NTau was capable of markedly attenuating the
expression of COL Ⅲ, with thinner collagen fibrils
being observed. Similarly, TGF-β1 was only expressed
mildly in the hepatocellular cytoplasm in normal rats,
and there was a strongly positive expression of TGF-β1

in hepatocellular cytoplasm in the LC rats. Similarly to
expression of COL Ⅰ and Ⅲ, treatment with NTau
showed a significant reduction in the expression of
TGF-β1 in hepatocellular cytoplasm.
Biomechanical and biodynamic changes in the portal
vein
Experiments on portal vein biomechanics showed that,
in general, the portal compliance decreased as the pressure in the portal vein increased (Figure 6). Among the
different groups of rats, the portal compliance in the
model group was significantly lower than that of the
normal control group (P < 0.05), while the NTau treatment was able to markedly improve the portal compliance when compared with the non-treated model group
(P < 0.05).
In addition, there was a substantial difference (P <
0.01) in the opening angle of the portal ring between
the model group (89.23 ± 10.47 degree) and the healthy
control group (76.25 ± 9.45 degree). The NTau treatment significantly reduced the opening angle of the
portal ring (82.61 ± 6.31) when compared to the animals
in the model group (P < 0.05). The direct proportion of
zero-stress to opening angle indicated that the LC rats
had a very significant increase in zero-stress level, and
the NTau treatment was able to mitigate this abnormal
elevation.

DISCUSSION
Taurine, a sulfur-containing β-amino acid [H2N-(CH2)2SO 2 OH], is ubiquitously distributed in tissues of
mammalian and marine organisms. Taurine was once
thought to be a non-functional terminal metabolite of
sulfur-containing amino acids in the body. However,
recent studies have confirmed that taurine has a wide
variety of biological functions including maintaining
homeostasis and regulating physiological functions
of different systems. Taurine also possesses a wide
spectrum of pharmacological activities such as antipyretic,
anticonvulsant, antiplatelet-aggregation, hypotensive,
immunity-enhancing, liver-protecting and angiotasisregulating effects[10-17]. It is known that the liver is the main
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Figure 3 Immunohistochemical analysis of the expression of COL I in liver tissue of rats in different experimental groups. A: Normal healthy rats; B: LC
Rats. Note the expression of a large amount of COL Ⅰ; C: NTau-treated rats. Note the reduction of the expression of COL Ⅰ. (magnification, 10 × 20).

A

B

C

Figure 4 Immunohistochemical analysis of the expression of COL Ⅲ in liver tissue of rats in different experimental groups. A: Normal healthy rats; B: LC
rats. Note the abundance in the expression of COL Ⅲ; C: NTau-treated rats. The expression of COL Ⅲ was decreased. (magnification, 10 × 20).

A

B

C

Figure 5 Immunohistochemical analysis of the expression of TGF-β1 in liver tissue of rats in different experimental groups. A: Normal healthy rats; B: LC
rats. Note the increased expression of TGF-β1; C: NTau-treated rats. Note that the expression of TGF-β1 was reduced. (magnification, 10 × 20).

organ for taurine biosynthesis and also an important target
organ for taurine’s many biological activities. Interestingly,
the amount of taurine in the liver tissue of rats with
chronic liver disease falls below the normal range[18].
As a free amino acid, taurine can either be synthesized through chemical reactions or extracted from
natural sources. Studies in China and other countries
have demonstrated that synthesized taurine may inhibit
hepatic fibrosis (HF) by inhibiting collagenation and
proliferation of HSCs[19,20]. However, the role of taurine
in inhibiting PHT has hitherto not been systematically
investigated. Our previous study found that NTau promoted apoptosis of HSCs in a more marked manner

than that of synthesized product[21], and that NTau could
lower PHT of LC through inhibiting contraction of
HSCs[22].
Two seemingly contradictory theories, i.e. the “backward flow” theory and the “forward flow” theory, have
been put forward to explain the development of PHT
in LC. In the “backward flow” theory, an increase in
intrahepatic resistance is thought to be the main reason
for the occurrence of PHT. The “forward flow” theory,
on the other hand, considers systemic hyperdynamic
circulation (SHC) as the primary cause for PHT. Recent
studies have shown that both mechanisms are involved
in the pathogenesis of PHT[23]. In fact, patients with LC
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Figure 6 Comparison of the portal ring compliance among rats in different
experimental groups.

may present both disturbances of blood circulation (i.e.
increased resistance of “backward flow” theory) in liver
tissue and abnormality in vasoactive substances (i.e. hyperdynamic circulation of “forward flow” theory).
By combining the “backward flow” and the “forward
flow” theory together, this would furnish a better
understanding of the pathogenesis of PHT[24,25]. In the
“forward flow” theory, the pathogenesis of PHT may
be primarily attributed to initiation factors, including
dilation of peripheral vessels, decrease in peripheral
vascular resistance and mean arterial pressure, increase in
blood volume, splanchnic blood flow and cardiac output,
and development of systemic hyperdynamic circulatory
syndrome (HCS)[23,26]. HCS plays an important role in
the maintenance of PHT and is also a primary cause
for the development of sodium-water retention, ascites,
hepato-renal and hepato-pulmonary syndromes. Our
experimental study showed that NTau was capable of
decreasing portal blood flow and improving systemic
HCS by reducing PVF and increasing SVR and MAP.
All these experimental observations indicate that NTau
is able to reduce portal pressure through acting on the
“forward flow” mechanism.
An increase in endogenous vasodilators is regarded
as the most significant factor for peripheral arterial
vasodilatation. Consequently, an increase of vasodilators
may elicit a wide spectrum of pathophysiological
alterations including vasodilatation of peripheral and
splanchnic tertiary arterioles, decreased resistance,
deficiency of effective arterial blood volume, activation
of neurohumoral systems for pressure and water-sodium
retention, compensatory expansion of plasma volume,
increase in returned blood volume and cardiac output,
and splanchnic active hyperemia. All these alterations can
lead to hyperdynamic systemic and splanchnic circulation.
Among the common vasodilators, NO, glicentin,
prostacyclin and calcitonin gene-related peptides are the
most important ones. NO is produced by L-arginine in
the presence of NOS and may exert biological effects by
increasing cGMP via activation of guanylate cyclase. It is
also an important signaling molecule involved in various
physiological processes such as vasodilatation. NO has
also been found to be involved in the development
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of a hyperdynamic circulatory state in LC[27,28]. In our
experiments, decreased activity of NOS and reduced
amounts of NO and cGMP were observed after the
NTau treatment, suggesting that NTau attenuates PHT of
LC most probably via regulating the NO system.
In the “backward flow” theory, the most critical
initiating determinants of portal pressure include the
progression of HF, passive structural disorder in the liver,
formation of pseudo-lobules and interrupted supply of
blood circulation to hepatocytes, which further contribute
to hepatocellular necrosis, proliferation of collagen,
and formation of regenerative nodules. Consequently,
compression and traction of peripheral vessels and bile
duct by regenerative nodules and proliferated collagen
fibrils may lead to increased resistance to blood flow
of portal and hepatic veins, and subsequently result in
PHT[25,29,30]. In our study, the treatment with NTau led
to the improvement of the structure of liver tissue and
significantly lowered the amounts of COLI and COL
Ⅲ, indicating that NTau can decrease portal pressure by
acting on the “backward flow” mechanism, namely by
improving the pathological structure of liver tissue and
inhibiting HF.
TGF-β1 is a multifunctional peptide with a wide range
of potential influences on the growth and differentiation
of cells, aggregation of extracellular matrix (ECM), and
immune response. It is also one of the mediators that is
most closely associated with the production of fibrils.
In the occurrence and development of HF, TGF- β 1
has an ability to activate HSCs and promote the gene
expression of collagen as well as the synthesis and
deposition of ECM[31,32]. In our experiments, the level of
TGF-β1 in the NTau treatment group was significantly
lower than that of the LC model group, suggesting that
NTau inhibits the development of HF, possibly through
inhibiting the expression of TGF-β1.
Increased resistance to PVF may elicit biomechanical
chang es in the por tal vein by causing vascular
reconstruction characterized by thickening of vessel
walls, narrowing of vessel lumen and proliferation of
smooth muscle cells, resulting in further maintenance and
exacerbation of PHT. Such alterations in biomechanics
subsequently make treatment of LC-induced PHT ever
more difficult [33,34]. Therefore, to achieve a favorable
therapeutic response in the treatment of PHT of LC,
terminating this vicious circle becomes particularly
important, and lowering the portal pressure should not be
the sole target for intervention. Vessel wall is a viscoelastic
tissue with unique biomechanical properties including
creep, stress-relaxation and hysteresis. Compliance
and zero-stress state are usually used to describe the
biomechanical properties of vessels. Indeed, reduced
portal compliance and enlarged opening angle were found
in rats with LC. The NTau treatment, on the other hand,
was able to improve the portal compliance and decrease
the opening angle, indicating that NTau could inhibit
the development of LC-induced PHT by improving the
biomechanical properties of the portal vein.
The pathomechanism of LC-induced PHT is complex,
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Portal hypertension which acts as the main manifestation of patients in the
compensatory stage of cirrhosis of the liver is the material cause of death.
Treatment of portal hypertension caused by liver cirrhosis can not only enhance
the prognosis of the disease but also improve the patients’ quality of life. Hence,
the concept of implementing treatment of portal hypertension is gradually
attracting more and more attention, changing the passive state of the past
which practised symptomatic treatment when complications developed.

Research frontiers

Intensive literature review shows that taurine can suppress the course of liver
cirrhosis. This project investigates the function of taurine in inhibiting the course
of liver cirrhosis and portal hypertension caused by liver cirrhosis from different
aspects.

Innovations and breakthroughs

This study proposes the concept of the integration of the three theories for the
formation of liver cirrhosis: the backward flow theory, the forward flow theory
and the biomechanics of portal vein theory, then systematically explores
the inhibiting effect and possible mechanism of action of taurine on portal
hypertension caused by liver cirrhosis.

Terminology

Forward flow theory is one of the theories of the formation of portal hypertension
caused by liver cirrhosis. The pathogenesis of PHT may be primarily attributed
to initiation factors, including dilation of peripheral vessels, decrease in
peripheral vascular resistance and mean arterial pressure, increase in blood
volume, splanchnic blood flow and cardiac output, and development of systemic
hyperdynamic circulatory syndrome. For backward flow theory, the main cause
of portal hypertension caused by liver cirrhosis is the formation of diffuse fibrous
septa and regenerative nodules in liver which is followed by hepatic sinus
narrowing. Then intra-liver vessels constrict and the resistance of blood flow in
the portal system increases which results in passive congestion of the portal
system. Finally, portal hypertension develops. As vasodilatation increases, the
reactivity of vessels to endogenous vascular-constriction substances falls, then
functional arteriovenous fistula and portal-systemic shunting develop and result
in hyperdynamic circulation over the whole body while blood flow of the portal
vein increases.
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Peer review

This is a small but reasonably designed experimental study to examine the
impact of natural taurine in a rat model of cirrhosis. The paper particularly
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The treatment of portal hypertension mainly embodies medication treatment,
surgical treatment, interventional treatment, liver transplant etc. At present,
long-term medication treatment takes the center stage. Though there are plenty
of medicines available for portal hypertension caused by liver cirrhosis, there
is still a lack of effective medication. As a result, there is sound justification for
investigating the therapeutic functions of taurine in portal hypertension caused
by liver cirrhosis. Pure natural taurine widely exists in marine fauna. The
ocean, which occupies 70.8% of the total earth’s surface, is a natural medicinal
resource with huge potential. It makes great sense to explore new areas of
marine life’s application in the search for new medicinal resources.
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improve the functional status of the body. In view of
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that treatment with taurine may provide an additional
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