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Abstract

AIM: To investigate the effects of Glytan on splanchnic
hemodynamics and its reduction of portal pressure in
portal hypertensive rats.

METHODS: Glytan (Ganluotong in Chinese), is com-
posed of salvianolic acid B and diammonium glycyr-
rhizinate. Portal hypertension (PHT) was induced in
the rats by common bile duct ligation (BDL). Hemo-
dynamic studies were performed using the colored
microsphere method. Radioimmunoassay (RIA) was
used to determine endothelin (ET)-1 levels in the mes-
enteric circulation. Western blotting methods were used
to investigate the effect of Glytan on ET A receptor
(ETAR), ET B receptor (ETBR), endothelial NO synthase
(eNOS), G-protein-coupled receptor kinase (GRK)2, and
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B-arrestin 2 expression in the mesentery. The mRNA of
ETAR and ETBR was determined using real-time poly-
merase chain reaction.

RESULTS: Treatment with Glytan reduced portal
pressure (PP) and portal territory blood flow (PTBF)
and increased both mean arterial pressure (MAP) and
splanchnic vascular resistance (SVR). Especially at 4
wk, PP decreased by about 40%, while MAP increased
by 13%, SVR increased by 12%, and PTBF decreased
by about 21%. The effect of blood flow reduction was
greatest in the mesentery (about 33%) at 4 wk. The
mesenteric circulation ET-1 levels of BDL rats were
lower and negatively correlated with PP at 4 wk. Glytan
can increase mesenteric ET-1 content and inhibit ETBR,
eNOS, GRK2, and p-arrestin 2 expression in the mesen-
tery. Moreover, Glytan showed no effect on the expres-
sion of ETAR protein and mRNA.

CONCLUSION: The decreased PP and PTBF observed
after Glytan treatment were related to increased mes-
enteric vasoconstriction and increased receptor sensi-
tivity to vasoconstrictor.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The traditional Chinese medicine Glytan is
composed of salvianolic acid B and diammonium glyc-
yrrhizinate. Previous studies have shown that Glytan is
a new preparation for portal hypertension. The pres-
ent study indicated that decreases in portal pressure
and portal territory blood flow observed after Glytan
treatment in portal hypertensive rats were related to
increased mesenteric endothelin-1 content and reduced
endothelin B receptor, endothelial NO synthase, G-pro-
tein-coupled receptor kinase 2, and p-arrestin 2 expres-
sion, which may promote mesenteric vasoconstriction
and increase receptor sensitivity to vasoconstrictors.
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These results suggest the therapeutic potential of Gly-
tan in portal hypertension induced by liver cirrhosis.
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INTRODUCTION

Since portal hypertension (PHT) was first proposed,
finding a perfect medicine for PHT to reduce the risk of
bleeding from esophageal varices has been the focus in
this field. Non-selective B-receptor blockers have been
considered the only drugs suitable for long-term admin-
istration. However, only 30%-40% of patients achieve a
good therapeutic outcome with non-selective 3-receptor
blockers, because of their contraindications or side ef-
fects!.

Glytan, which is based on traditional Chinese medi-
cine theory, is a new preparation for PHT. Glytan is
composed of salvianolic acid B (SA-B) and diammonium
glycyrrhizinate (DG). SA-B is one of the water-soluble
compounds derived from Salvia miltiorrhiza Bunge (Dan-
shen in Chinese), which is widely used for chronic liver
diseases. DG is extracted and purified from liquorices
(Gancao in Chinese). The liquorices exert an important
function in the treatment of hepatitis because of their
anti-inflammatory effects. Our previous work found that
Glytan can reduce portal pressure (PP), improve liver
function, and inhibit pseudolobule formation in rats with
liver cirrhosis”. Notably, the compatibility of SA-B and
DG inhibits the steroid-like effects of DG, Based on its
efficacy in decreasing PP, Glytan has been approved to
begin stage II clinical trials for PHT treatment in China.

In accordance with Ohm’s law, PP depends on in-
trahepatic resistance and portal inflow. In cases of cir-
rhosis, both intrahepatic resistance and splanchnic blood
flow are increased. The initiating factor is an increase in
intrahepatic vascular resistance, whereas the increase in
splanchnic blood flow is a secondary phenomenon that
maintains or worsens the increased PP and gives rise to
hyperdynamic circulation®.

Hyperdynamic circulation is characteristic of progres-
sive splanchnic vasodilatation'”. In previous work from
our laboratory, we observed that treatment with Glytan
resulted in reduced mesenteric vasodilation. Thus, one
aim of the present study was to verify whether this phe-
nomenon was related to a decrease in PP.

A previous study demonstrated that endothelin
(ET)-1 and ET B receptor (ETBR) may be one of the
mechanisms of splanchnic vasodilatation”. In addition,
the effects of ET-1 receptors are also affected by their
responsiveness. ET receptors could be desensitized by
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phosphorylation through G-protein-coupled receptor
kinases (GRKs) and binding to B-arrestin-2'". Thus far,
seven types of GRKs have been cloned. GRK2 is the
most likely of the GRKs to initiate the desensitization
of human ETAR and ETBR". ET signaling in arterial
smooth muscle is tightly regulated by GRK2". ETAR-
bound B-arrestin 2 demonstrates a higher affinity than
B-arrestin 1 and does not interact with visual arrestin”,
Therefore, we investigated the effect of Glytan on ET-1
and its receptors to investigate its mechanism of decreas-

ing PP.

MATERIALS AND METHODS

Animal models

Male Sprague-Dawley rats (about 250 g; Vital River
Laboratory Animal Technology Co. Ltd., Beijing, China)
underwent sham surgery or common bile duct ligation
(BDL). The common bile ducts were exposed after me-
dian laparotomy and ligated twice. In each animal, the
segment between the two ligations was resected, and the
abdomen of the animal was sutured closed. Sham-oper-
ated rats served as controls. In these rats, the common
bile duct was exposed, but no ligation or resection was
performed. Seven animals were used in each group. All
experimental procedures were conducted in accordance
with the guidelines for the use of experimental animals
and were approved by the Institutional Review Commit-
tee on Animal Care and Use at the Experimental Animal
Centre of Beijing University of Chinese Medicine [Cer-
tificate of Conformity: SCXK (jing) 2012-0001].

The rats were divided into the sham, BDL and Glytan
groups. Each group was examined at 2 and 4 wk. Gly-
tan was provided by Beijing Huaxin Wanbang Medicine
Technology Limited Company. The proportion of SA-B
to DG in Glytan was 1:1. Before use, Glytan was diluted
with distilled water. After 1 wk BDL, the Glytan group
was treated with Glytan (25 mg/kg per day) by gavage.
The dose of Glytan depended on the pharmacodynamic
experimental results”, Rats in the sham and BDL groups
were administered the same amount of distilled water by

gavage.

Hemodynamic studies
After 2 or 4 wk following BDL, hemodynamic studies
were performed under chloral hydrate anaesthesia (3.5
g/kg intraperitoneal injection). The left femoral artery
and vein were cannulated with PE-50 catheters for the
measurement of mean arterial pressure (MAP) and
blood withdrawal. A PE-50 catheter was inserted into the
portal vein to measure PP. Another PE-50 catheter was
advanced via the right carotid artery into the left ventricle
under pulse curve control. This catheter was used for mi-
crosphere application. The catheter in the femoral artery
and portal vein was connected to a pressure transducer
for blood pressure measurements.

A reference sample was obtained for 1 min at a rate
of 0.65 mL/min using a continuous withdrawal pump;
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300000 yellow microspheres (15 um in diameter; Triton
Technologies, San Diego, CA, United States) were sus-
pended in 0.3 mL saline containing 0.05% Tween. Mi-
crospheres were injected into the left ventricle 10 s after
the withdrawal pump had been started. Upon completion
of the hemodynamic measurements, the animals were
sacrificed and the stomach, intestine, colon, pancreas,
mesentery, and spleen were resected. The tissues were
weighed and minced with scissors. The tissue and blood
samples were processed and the microspheres were re-
covered by sedimentation. The tissue samples and the
blood reference were digested by the addition of alkaline
digestion reagent containing 1 mol/L. KOH. The tubes
from the tissue and blood preparation steps were placed
in a temperature-controlled laboratory oven, set to a
maximum of 50 C, and the tissue and blood samples
were allowed to digest overnight. The digested tissue
and blood samples were centrifuged. The color from the
filtered microspheres was dissolved in 0.2 mL dimethyl-
formamide (DMF), and the absorption was measutred by
spectrophotometry.

Calculations

The hemodynamic parameters for portal circulation wete
calculated as follows. Portal territory blood flow (PTBF)
was defined as the sum of the blood flow through the
stomach, intestine, colon, pancreas, spleen, and mesen-
tery. Splanchnic perfusion pressure was defined as the
difference between MAP and PP. Splanchnic vascular
resistance (SVR) was calculated from the ratio between
splanchnic perfusion pressure and PTBE

RIA of ET-1

Blood was drawn from the superior mesenteric artery
(SMA) for ET-1 analysis. The level of ET-1 was mea-
sured in the mesenteric circulation using a commercial
RIA kit (PLA Institute of RIA, Beijing, China) according
to the manufacturer’s protocol.

Real-time quantitative polymerase chain reaction (PCR)

The mesentery was isolated and stored in liquid nitrogen
for RNA detection by real-time PCR. Total RNA was
isolated according to the TRIzol reagent instructions
(Invitrogen, Carlsbad, CA, United States). The primers
of ETAR and ETBR were designed by Primer Premier
5.0 with amplification products of 205, 212, and 183 bp.
For ETAR, the upstream primer was 5-GGT TCC CTC
TTC ACT TAA GC-3' and the downstream primer was
5-GTG ACA ACA GCA ACA GAG G-3' For ETBR,
the upstream primer was 5-GAG CAA TCC TCA GAG
GTG T-3' and the downstream primer was 5-GAC TGT
TTT TCC TCA AAC GTT-3". For B-actin, the upstream
primer was 5'-AAC GAG CGG TTC CGA TGC CCT
GAG-3' and the downstream primer was 5'- TGT CGC
CTT CAC CGT TCC AGTT-3". B-Actin, an internal
housekeeping gene, was used to normalize the differ-
ences in RNA isolation and RNA degradation. The abun-
dance of mRNA was determined by real-time PCR. Real-
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time PCR was performed using the ABI 7700 sequence
detector (Applied Biosystems, Foster City, CA, United
States). PCR was performed in a volume of 25 pl. SYBR
Mix (Hangzhou Bioer Technology Co. Ltd.) containing
2 uL cDNA. The results are expressed as the number of
cycles required to exceed a threshold (Ct value) at which
the fluorescence signal exceeded a defined threshold.
The difference in Ct values of the target gene and the
endogenous control are expressed as negative ACt values.
Therefore, higher 2“Values denote higher mRNA levels.

Western blot analysis

For western blot analysis, samples of rat mesentery were
homogenized in radioimmunoprecipitation assay (RIPA)
lysis buffer containing 50 mmol/L Ttis (pH 7.4), 150
mmol/L NaCl, 1% Triton X-100, 1% sodium deoxycho-
late, 0.1% SDS, 5 mmol/L EDTA, 1 mmol/L sodium
orthovanadate, 20 mmol/L pepstatin A, 20 mmol/L
leupeptin, and 1 mmol/L phenylmethanesulfonyl fluo-
ride. The protein content of the cleared homogenates
was assessed with a bicinchoninic acid (BCA) assay
kit (Applygen, Beijing, China). After boiling with SDS
sample buffer (Applygen), 50 pg protein per lane from
each sample was subjected to SDS-PAGE (10% gels for
GRK2 and 12.5% gels for ETAR, ETBR and [-arrestin
2). After blotting on polyvinylidene difluoride membrane
(Millipore, Bedford, MA, United States), the membranes
were probed with primary antibodies diluted in TBS
containing blocking protein and 0.1% Tween, and left to
incubate overnight at 4 ‘C. The following primary anti-
bodies in the indicated dilutions were used: mouse anti-
GRK2, 1:500 (Abcam, Cambridge, MA, United States);
and rabbit anti-ETAR/ETBR/endothelial NO synthase
(eNOS) and mouse anti-f-arrestin 2, 1:200 (Santa Cruz
Biotechnology, Santa Cruz, CA, United States). Thereaf-
ter, the membranes were washed and incubated with the
appropriate peroxidase-coupled secondary antibodies di-
luted 1:5000 in TBS containing blocking protein and 0.1%
Tween for 45 min (goat anti-rabbit or goat anti-mouse;
Jackson, West Grove, PA, United States). Detection was
performed with enhanced chemiluminescence (Apply-

gen).

Statistical analysis

All data are presented as the mean + SD; statistical com-
parisons were performed using one-way analysis of vari-
ance. The results of the molecular assays represent the
means of samples from at least five rats in each group. P
< 0.05 was considered statistically significant.

RESULTS

Hemodynamic effects of Glytan

To assess whether Glytan can decrease PP and to de-
termine its effects on splanchnic hemodynamics, we
tested PP, MAP and various splanchnic hemodynamic
parameters. The BDL rats showed increased PP and de-
creased MAP at 2 and 4 wk (Figure 1A and B). With the
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Figure 1 Effect of Glytan on splanchnic hemodynamics. A: Effect of Glytan on portal pressure; B: Effect of Glytan on mean arterial pressure; C: Effect of Glytan
on splanchnic vascular resistance; D: Effect of Glytan on portal territory blood flow; E: Effect of Glytan on the blood flow of splanchnic organs at 2 wk; F: Effect of Gly-
tan on the blood flow of splanchnic organs at 4 wk. Results are from experiments on seven sham-operated rats and seven bile duct ligation (BDL) rats. Mean + SEM
values are shown. °P < 0.05, "P < 0.01, BDL rats vs sham-operated rats; °P < 0.05, °P < 0.01, rats in the Glytan group vs BDL rats. G: Glytan.

progression of PHT, characteristic splanchnic hemody-
namic abnormalities appeared, including decreased SVR
and increased PTBF (Figure 1C and D). Treatment with
Glytan reduced PP and PTBE, while it increased MAP
and SVR (Figure 1). Especially at 4 wk, PP was decreased
by about 40%, while MAP increased by 13%, SVR in-
creased by 12%, and PTBF decreased by about 21%. To
determine which organs demonstrated decreased blood
flow, we tested the blood flow of various organs, includ-
ing the stomach, intestine, colon, pancreas, spleen, and
mesentery. The blood flow of the intestine and mesen-
tery decreased significantly at 4 wk, by 16% and 33%,
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respectively (Figure 1F). We investigated the mechanism
behind the mesenteric-blood-flow-reducing properties of
Glytan.

Effect of Glytan on ET-1 levels in the mesenteric
circulation

The concentration of ET-1 in the mesenteric circulation
was measured by an RIA method (Figure 2). At 2 and 4
wk, ET-1 levels in the mesenteric circulation of BDL rats
were significantly lower than those in sham group rats.
After treatment with Glytan, ET-1 content was obviously
increased at 4 wk.
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The results are from experiments on seven sham-operated rats and seven bile
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Correlation analysis of PP and ET-1 levels in the
mesenteric circulation

There was a significant negative correlation between PP
and ET-1 levels in the mesenteric circulation at 4 wk (Fig-
ure 3). This correlation was not significant at 2 wk.

Effect of Glytan on ETAR and ETBR expression in the
mesentery

The effect of ET-1 on vascular tone depends on the
receptor type. The protein and mRNA trends of ETBR
in BDL rats differed (Figure 4A and B). ETBR mRNA
was higher at 2 wk than that at 4 wk, while ETBR protein
expression increased constantly over the two time points.
Treatment with Glytan resulted in post-transcriptional
and mRNA downregulation of ETBR expression in the
mesentery (Figure 4). However, treatment with Glytan
had no effect on ETAR expression at protein and mRNA
levels (Figure 4).

Effect of Glytan on eNOS, 3-arrestin 2, and GRK2
expression in the mesentery

Expression of eNOS always implies the degree of vaso-
dilation. B-arrestin 2 and GRK2 both affect ET receptor
responsiveness. Treatment with Glytan significantly re-
duced eNOS and GRK2 expression at 2 and 4 wk. Gly-
tan downregulated B-arrestin 2 expression at 4 wk (Figure

5).

DISCUSSION

We examined the effect of the Chinese medicine Glytan
on splanchnic hemodynamics and the mechanisms of its
effects. The results indicate that Glytan reduced PP and
PTBE, while it increased MAP and SVR. The mesentery
was the target organ of Glytan. On the one hand, Gly-
tan increased ET-1 levels to promote vasoconstriction.
On the other hand, Glytan inhibited mesenteric eNOS,
ETBR and GRK2 expression to inhibit vasodilation.

In this study, the proportion of SA-B and DG was
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1:1, which was proven by a compatibility proportion
test"”. Glytan was administered after 1 wk BDL. At 1 wk,
the increased PP was not elevated to a level meeting the
diagnostic criteria of PHT; therefore, this was a preven-
tive study. Treatment with Glytan reduced PP and PTBF
and increased SVR. Especially at 4 wk, PP was decreased
by about 40% and PTBF was decreased by about 21%.
Through analysis of blood flow of the splanchnic organs,
we verified that the mesentery was the target organ of
Glytan. Glytan reduced mesenteric blood flow by 33% at
4 wk, which is consistent with the decreased vasodilation
of the mesenteric vascular bed observed in the present
study. Next, we attempted to explain why Glytan reduced
mesenteric blood flow and PP from the standpoint of
ET-1 and its receptors.

ET-1 is one of the strongest vasoconstrictors. Chang-
es in ET-1 levels in the splanchnic circulation are not
consistent. Nagasue e/ al" found that ET-1 levels were
increased in the mesenteric venous plasma. Vashist e al™
found decreased SVR in PHT and that central hypovo-
lemia stimulated sympathetic nerves, increasing vaso-
constriction. However, Coll ¢ a/” found that gene and
protein expression decreased in the SMA of rats with
hepatic fibrosis and portal vein ligation. In our study, the
ET-1 levels in the mesenteric circulation of BDL rats
were significantly lower than those in sham group rats at
2 and 4 wk. ET-1 levels wete negatively correlated with
PP at 4 wk. Therefore, increased ET-1 levels resulting
from Glytan administration may be a reason for the de-
crease observed in PP,

Excessive synthesis of NO in splanchnic tissue con-
tributes to vasodilation in hyperdynamic circulation"".
eNOS is the main source of NO™. Thus, inhibition of
eNOS expression or activity in the visceral vascular sys-
tem can effectively inhibit vascular dilatation. In addition,
ET-1 binding to ETBR expressed in vascular endothelial
cells activates the Ga and Gy subunits. Gy activates
the PI3-Akt-eNOS pathway and promotes NO synthe-
sis", Therefore, either directly inhibiting eNOS expres-
sion or indirectly inhibiting ETBR expression can both
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reduce NO synthesis, in theory. Our results showed that
eNOS expression was significantly increased in the mes-
enteric tissue of BDL rats. Increased eNOS not only re-
sulted in mesenteric vasodilation but also induced a lower
reactivity of the vasculature to vasoconstrictors'™".
Treatment with Glytan decreased eNOS significantly,
which may be related to PP reductions.

The effect of ETBR in the mesentery is more com-
plex. ET-1 binding to ETBR induces NO synthesis
and thus vasodilation. ET-1 binding to ETAR causes
vasoconstriction™, ETBR also acts in the clearance
of ET-1"". With an increase in PP, ETBR expression
increases in the mesenteric vasculature of BDL rats. It
shows simultaneous stimulation of ETAR and ETBR in
the rat renal microcirculation, and ETBR plays a major
role in vasodilation™. In our study, increased ETBR in
the mesentery of BDL rats may have promoted vasodi-
lation to accommodate increased blood flow. The fact
that Glytan decreases ETBR expression could mean two
things: (1) it may inhibit vasodilation directly or indirectly
through an ETBR-eNOS pathway; and (2) it may pro-
mote vasoconstriction through decreased clearance of
ET-1. Because of increased levels of ET-1, ETAR can
bind to more ET-1 to induce vasoconstriction.

JRaishideng®
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Although NO is an important factor in splanchnic
vascular dilation, NOS-deficient mice still demonstrate
progressive splanchnic vasodilation. This indicates that
NO is not the only factor related to hyperdynamic circu-
lation™*!, Our study also found that eNOS expression
was not increased with increases in PP. Therefore, a NO-
independent pathway, such as hyporesponsiveness of the
splanchnic vascular system to vasoconstrictors, cannot be
ignored. In rats with portal vein ligation, the mesenteric
artery and thoracic aorta show hyporesponsiveness to
an adrenergic receptor[zsl. In the aortas of rats with liver
fibrosis and the hepatic arteries of human patients with
liver cirrhosis, the numbers of angiotensin receptors are
unchanged. However, AT1-R is desensitized by GRK2
and B-arrestin 2P Tt is known that GRKs and arrestins
are key participants in the canonical pathways leading to
phosphorylation-dependent or independent G-protein-
coupled receptor desensitization and endocytosis”"*.
The difference between the phosphorylation-dependent
and -independent pathways is that the former depends
on arrestins, while the latter does not. Our previous re-
sults showed that increased PP resulted in upregulation
of mesenteric GRK2 expression but not of [-arrestin
2", In this study, treatment with Glytan resulted in de-
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Western blot analysis for eNOS, GRK2 and B-arrestin 2 protein levels (n = 5
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0.05,"P < 0.01, rats in the Glytan group vs BDL rats.

creased GRK2 and B-arrestin 2 expression in BDL rats.
These results imply that the sensitivity of ETAR or other
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vasoconstrictor receptors to their agonists may increase.
The exact sensitivity change in ET receptors by GRK2
and B-arrestin 2 after Glytan treatment needs to be veri-
fied through an immunoprecipitation test. In addition,
Liu ¢f a/””" have found that GRK2 expression increases
in sinusoidal endothelial cells from portal hypertensive
rats, while the knockout of GRK2 restores both Akt
phosphorylation and NO production and normalizes PP.
Therefore, in the liver, increased GRK2 promotes vaso-
constriction. In the splanchnic organs, it remains unclear
whether increased GRK2 has the same effect as in the
liver. GRK2 promotes both vasoconstriction and vasodi-
lation, therefore, the final effect of GRK2 is a balance of
both functions.

In summary, treatment with Glytan reduced PP and
PTBE, especially at 4 wk. The mesentery was the target
organ of Glytan. Increased ET-1 levels and decreased
ETBR and eNOS expression by Glytan may promote
mesenteric vasoconstriction. Decreased GRK2 and
B-arrestin 2 expression by Glytan may increase the sen-
sitivity of vasoconstrictor receptors to their agonists and
promote vasoconstriction. These findings suggest the
therapeutic potential of Glytan for PHT.

COMMENTS

Background

Portal hypertension (PHT) is one of the most significant complications associat-
ed with liver cirrhosis, which can give rise to many other severe and often lethal
conditions, such as bleeding esophageal varices, ascites, hepatic encephalopa-
thy and hepatorenal syndrome. Non-selective B-receptor blockers have been
considered the only drugs suitable for long-term administration. However, only
30%-40% of patients achieve a good therapeutic outcome with non-selective
[B-receptor blockers, because of their contraindications or side effects. Finding a
perfect medicine for PHT to reduce the risk of bleeding from esophageal varices
has been the focus in this field. Glytan is composed of salvianolic acid B (SA-B)
and diammonium glycyrrhizinate (DG). SA-B is one of the water-soluble com-
pounds derived from Salvia miltiorrhiza Bunge, which is widely used for chronic
liver diseases. DG is extracted and purified from liquorices. The liquorices exert
an important function in the treatment of hepatitis because of their anti-inflam-
matory effects. Our previous work found that Glytan can reduce portal pressure
(PP), improve liver function, and inhibit pseudolobule formation in rats with liver
cirrhosis. Notably, treatment with Glytan resulted in reduced mesenteric vaso-
dilation. According to Ohm’s law, PP depends on intrahepatic resistance and
portal inflow. An increase in splanchnic blood flow worsens and maintains PHT.
Thus, the aim of this study was to verify whether reduced mesenteric vasodila-
tion is related to a decrease in PP and to investigate the mechanisms by which
Glytan decreases PP in portal hypertensive rats.

Research frontiers

Bleeding from esophageal varices is the most serious complication of PHT.
The most important goal of treating PHT is to reduce the risk of bleeding. It
has been found that the incidence of varices at 5 years increased from 25% to
50% in patients with hepatic vein pressure gradient (HVPG) > 10 mmHg. Either
non-selective B-receptor blockers or endoscopic band ligation can be used
for primary prophylaxis in patients with cirrhosis and medium or large varices
with high risk of bleeding. Both propranolol and carvedilol are non-selective
B-receptor blockers. Carvedilol possesses both non-selective B12-antagonist
and au-receptor antagonist activity. Although carvedilol is more tolerated and
highly effective than propranolol, it may cause arterial hypotension and worsen
renal function. Traditional Chinese medicine is characteristic of multi-targets,
which is consistent with the complicated pathophysiological features of PHT. In
recent years, researchers have realized that it is feasible to develop drugs for
PHT according to the progress of traditional Chinese medicine in the field of
anti-fibrosis. Traditional Chinese medicine is the next battlefield for researchers
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to develop drugs for PHT.

Innovations and breakthroughs
Based on its efficacy in decreasing PP, Glytan is the first herbal compound

that has been approved to begin stage II clinical trials in China. This study is
believed to be the first to show that the mesentery is a target organ of Glytan.
The decreased PP and portal territory blood flow (PTBF) observed after Glytan
treatment are related to increased mesenteric vasoconstriction and increased
endothelin (ET) receptor sensitivity to vasoconstrictors. This is also the first
study to demonstrate the effect of Glytan on hyperdynamic circulation.
Applications
Based on the effect of Glytan on splanchnic hemodynamics and mesenteric
ET receptors, this study suggests the therapeutic potential of Glytan on liver
cirrhosis-induced PHT.
Terminology
PHT is the main complication of cirrhosis and is defined as an HVYPG > 5
mmHg. Clinically significant PHT is defined as HYPG = 10 mmHg. Hyper-
dynamic circulation is a state of portal hypertension that is characterized by
splanchnic and peripheral vasodilation, increased plasma volume, and in-
creased cardiac output. Glytan is a new preparation for PHT, which is based on
traditional Chinese medicine theory. Glytan is composed of SA-B and DG.

Peer review

The manuscript discusses a very interesting topic. In addition, the manuscript is

well written. It presents the results in a clear and well explained manner both in

text and in figures.
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