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Abstract

AIM: To investigate the effects of antithrombin I (AT
1) injection via the portal vein in acute liver failure.

METHODS: Thirty rats were intraperitoneally chal-
lenged with lipopolysaccharide (LPS) and D-galactos-
amine (GalN) and divided into three groups: a control
group; a group injected with AT III via the tail vein; and
a group injected with AT III via the portal vein. AT 1 (50
U/kg body weight) was administrated 1 h after chal-
lenge with LPS and GalN. Serum levels of inflammatory
cytokines and fibrin degradation products, hepatic fibrin
deposition, and hepatic mMRNA expression of hypoxia-
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related genes were analyzed.

RESULTS: Serum levels of alanine aminotransferase,
tumor necrosis factor-a and interleukin-6 decreased
significantly following portal vein AT I injection com-
pared with tail vein injection, and control rats. Portal
vein AT 1II injection reduced liver cell destruction and
decreased hepatic fibrin deposition. This treatment also
significantly reduced hepatic mRNA expression of lac-
tate dehydrogenase and heme oxygenase-1.

CONCLUSION: A clinically acceptable dose of AT I
injection into the portal vein suppressed liver damage,
probably through its enhanced anticoagulant and anti-
inflammatory activities.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

In some patients with acute liver injury (ALI), the liver
disease proceeds to acute liver failure (ALF); a severe
condition associated with a high mortality rate. Liver
transplantation is an effective treatment for patients with
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severe ALF!" whereas artificial liver support systems such
as plasma exchange and hemodiafiltration are less effec-
tive™”. The difficulties associated with the development
of effective treatments for ALF may be attributed to the
incomplete understanding of the mechanisms involved in
disease progression.

ALF is pathologically characterized by massive hepa-
tocellular necrosis, therefore, intrahepatic microcircula-
tory disturbances are involved in the pathogenesis and
progression of liver disease. Observation of sinusoidal
fibrin deposition, increased fibrinogen catabolism and
decreased platelet counts suggest that the intrahepatic
coagulation system may be activated in ALF, and the fol-
lowing microcirculatory disturbances may play a role in
the formation of massive hepatocellular necrosis!”. The
hypothesis that activation of the intrahepatic coagulation
system is a fundamental pathogenic factor underlying the
development of ALF has prompted researchers to devel-
op new treatments using anticoagulants in experimental
animal models and in clinical trials. Intravenous injection
of antithrombin [l (AT III), which inhibits serine prote-
ases involved in the coagulation cascade, has been report-
ed to attenuate the progtression of liver disease in animal
models of ALF induced by concanavalin A, dimethylni-
trosamine (DMN) and endotoxin””. However, the need
for high doses of AT I (200-400 U/kg body weight)
to suppress liver damage makes it difficult to apply this
treatment in clinical practice. Therefore, the development
of regimens using clinically acceptable doses of AT I is
necessary.

It has been shown that direct drug delivery into the
target organs is more efficient than systemic administra-
tion. Direct delivery of 5-fluorouracil and cisplatin into
the hepatic artery has been reported to control tumor
progression and to extend the median survival time of
patients with unresectable hepatocellular carcinoma,
which is resistant to systemic chemotherapym. Similarly,
we have reported that the progression of severe ALI to-
ward fulminant liver failure is inhibited by transcatheter
arterial steroid injection, in which methylprednisolone is
directly delivered into the diseased liver zia the hepatic
artery' . The effectiveness of direct steroid delivery into
the liver has been confirmed in an experimental animal
model. Injection of steroids wiz the portal vein in rats
with lipopolysaccharide (LPS)- and D-galactosamine
(GalN)-induced ALF more effectively suppresses hepatic
inflammation and improves survival than injection via
the tail vein'", These observations suggest that the direct
delivery of AT II into the liver, #a the hepatic artery or
portal vein, may improve liver damage more effectively
than peripheral injection of AT Il

In this study, we administered a clinically acceptable
dose of AT Il »ia the portal vein or a peripheral vein
(tail vein) in rats with LPS/GalN-induced ALF. The sup-
pressive effects of AT III on hepatic inflammation were
estimated based on the serum levels of transaminase and
inflammatory cytokines, and hepatic histology. The extent
of damage to the intrahepatic coagulation system was
estimated by determining sinusoidal fibrin deposition.
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Hypoxia in the diseased liver, which is caused by hepatic
microcirculatory disturbances, was estimated by analyzing
the hepatic mRNA expression of hypoxia-related genes.
These parameters were compared among three groups:
a control group; rats injected with AT Il za the tail vein;
and rats injected »ia the portal vein. Our observations
suggest that the injection of AT Il zia the portal vein
suppresses liver damage more effectively than viz the tail
vein, because of its enhanced anticoagulant and anti-
inflammatory activities.

MATERIALS AND METHODS

Chemicals

Human concentrated AT Il (Anthrobin P500) was pur-
chased from CSL Bering (King of Prussia, PA, United
States). LPS (Escherichia coli, 055:B5), GalN and other
chemicals were purchased from Sigma (St. Louis, MO,
United States). All experiments were performed using the
same lot of LPS.

Animals

Eight-week-old male Wistar rats weighing 200 g were pur-
chased from Japan SLC (Hamamatsu, Japan). Rats were
maintained under controlled conditions with free access to
standard chow and water. All studies were performed in ac-
cordance with the Guide for the Catre and Use of Labora-
tory Animals (National Institutes of Health) and approved
by the Animal Care Committee of Kyushu University.

Animal treatment

LPS (5 ng/kg body weight) and GalN (500 mg/kg body
weight) dissolved in 500 pL. phosphate buffered solution
(PBS) were injected intraperitoneally into rats. One hour
after the injections, the animals were anesthetized with
pentobarbital sodium, and AT T (50 U/kg body weight)
dissolved in 200 L. of PBS was injected into the portal
or tail vein. Control animals underwent sham injections.
Each group consisted of 10 rats.

Transaminase and cytokine assays

Blood samples were taken from the tail vein at 6 h, 12 h
and 24 h after injection of LPS and GalN. The serum lev-
els of alanine aminotransferase (ALT) were estimated by
Transaminase C-test (Wako Pure Chemical Industry, Osa-
ka, Japan). Tumor necrosis factor-g, (INF-q), interferon-y
(IFN-y) and intetleukin-6 (IL-6) were measured using en-
zyme linked immunosorbent assay (ELISA) kits (Endogen,
Rockford, IL, United States).

Assay of serum fibrin degradation products

Blood samples were taken from the tail vein 24 h after
injection of LPS and GalN. Serum fibrin degradation
products (FDPs) levels wete measured using an ELISA
kit (Cusabio Biotech, Barksdale, DE, United States).

Histology
Liver tissue samples were collected 24 h after injecting

LPS and GalN, fixed in 10% formalin, and embedded in
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Figure 1 Effects of antithrombin I on serum alanine aminotransferase
levels in rats with acute liver failure. Lipopolysaccharide (LPS) and D-ga-
lactosamine (GalN) were injected intraperitoneally into 8-wk-old Wistar rats.
One hour after the challenge, antithrombin (AT) I (50 U/kg body weight) was
injected into the portal or tail vein. Serum alanine aminotransferase (ALT) levels
were measured at 6 h, 12 h and 24 h after injection of LPS and GalN. Control:
Untreated; TV: AT III injection via the tail vein; PV: AT III injection via the portal
vein. Values are mean = SD (n = 10 rats/group). °P < 0.01 vs the control group.

paraffin. The sections were stained with hematoxylin and
eosin to assess hepatic damage. To determine intrasinu-
soidal fibrin deposition, the sections were stained with
phosphotungstic acid-hematoxylin'?.

Reverse transcription polymerase chain reaction

Total RNA from liver tissue was prepared with TRIzol
reagent (Invitrogen, Carlsbad, CA, United States) and
cDNA was synthesized from 1.0 ug RNA by GeneAmp
RNA polymerase chain reaction (PCR) (Applied Bio-
systems, Branchburg, NJ, United States) using random
hexamers. Real-time PCR was performed using LightCy-
cler FastStart DNA Master SYBR Green I (Roche, Basel,
Switzerland). The reaction mixture (20 pl.) contained
Master SYBR Green I, 4 mmol MgClz, 0.5 pmol upstream
and downstream PCR primers, and 2 pl. first-strand
cDNA as a template. To control variations in reactions,
all PCR data were normalized against glyceraldehyde
3-phosphate dehydrogenase expression. The forward and
reverse PCR primers were 5-ACTTTCAGAAGGGT-
CAGGTGTCC-3 and 5-TTGAGCAGGAAGGCG-
GTCTTAG-3’, respectively, for heme oxygenase-1
(HO-1) and 5-AGACTGCCGTCCCGAACAAC-3* and
5-ACATCCACCAGGGCAAGCTC-3, respectively, for
lactate dehydrogenase (LDH), respectively.

Statistical analysis

All results are expressed as means * SD. Significant dif-
ferences between two groups were assessed using Wilcox-
on’s rank-sum test. A value of P < 0.05 was considered
to be statistically significant.

RESULTS

Portal vein AT Il injection reduced liver cell destruction
more effectively than tail vein injection
In the control group, the serum levels of ALT increased
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over time, reaching 1262 £ 240, 3381 = 808 and 8906
+ 766 U/L (Figure 1) at 6, 12 and 24 h, respectively.
Injection of AT IIl into the tail vein did not affect ALT
levels at 6 h or 12 h after the injection of LPS and GalN.
However, at 24 h, the ALT levels in the tail vein injection
group were significantly lower than those in the control
group (8906 + 766 U/L »s 6181 £ 823 U/L, P < 0.01).
This suggests that the suppressive effects of AT Il in-
jected via the tail vein may be limited to the late stage of
liver disease. In contrast, in rats injected with AT I via
the portal vein, ALT levels were reduced during the early
stage (l.e., 6 h, 369 + 141 U/L), which was maintained at
all time-points. At 24 h, the ALT levels in this group were
significantly lower than those in the control group (2352
+ 760 U/L »s 8906 £ 766 U/L, P < 0.01).

To support the effects of these treatments on the
suppression of liver damage, the serum levels of inflam-
matory cytokines were measured. The cytokine levels
demonstrate the greater anti-inflammatory effects of AT
Il injected via the portal vein. TNF-q levels in the tail
vein injection group were similar to those in the control
group. In contrast, TNF-q, levels in the portal vein in-
jection group were significantly lower than those in the
control group (235 + 79 pg/mL »s 500 £ 127 pg/mlL, P
< 0.01, Figure 2A). AT Il injection v/ the tail vein re-
duced the IFN-y levels compared with the controls, but
the difference was not significant. As with other cyto-
kines, IFN-y was significantly reduced in the portal vein
group compared with the control group (21 + 12 pg/mL
s 89 £ 45 pg/mlL, P < 0.05, Figure 2B). The IL-6 levels
showed similar trends to those observed for TNF-o.. AT
I injection zia the tail vein did not suppress IL-6 lev-
els, whereas its injection zia the portal vein significantly
reduced IL-6 levels compared with those in the control
group (368 £ 120 pg/mL »s 572 + 47 pg/mL, P < 0.01,
Figure 2C).

Effects of AT Il on liver damage analyzed by liver
histology

Histological examination showed extensive hepatocellular
necrosis and hemorrhaging in the control liver (Figure
3A). In tail-vein-injected rats, extensive hepatocellular
necrosis was not found but ateas with confluent necrosis
were scattered throughout the liver (Figure 3B). Con-
sistent with the suppression of ALT and inflammatory
cytokine levels, prominent histological improvement was
noted in the liver of rats injected with AT Il »iz the pot-
tal vein, because relatively few, scattered areas of necrosis
with disordered hepatic cords were observed (Figure 3C).

Effects of AT IIl on hepatic mRNA expression of
hypoxia-related genes in ALF

To evaluate the extent of hepatic hypoxia, as induced by
microcirculatory disturbances, we determined the hepatic
expression of hypoxia-related genes such as LDH and
HO-1. LDH is an essential enzyme for anaerobic respi-
ration, and its expression increases in cells exposed to
hypoxia“‘m]. The transcriptional expression of HO-1 is
also increased in hypoxia, resulting in increased produc-
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Figure 2 Effects of antithrombin I on serum inflammatory cytokine
levels. The serum levels of tumor necrosis factor-o. (TNF-a) (A), interferon-y
(IFN-y) (B) and interleukin (IL)-6 (C) were determined 24 h after injection of
lipopolysaccharide and D-galactosamine. Control: Untreated; TV: Antithrombin
(AT) I injection via the tail vein; PV: AT Il injection via the portal vein. Values
are means + SD (n = 10 rats/group). °P < 0.05, °P < 0.01 vs control group.

tion of carbon monoxide, a vasodilator, and bilirubin, an
antioxidant"*"". Increased serum LDH levels and hepatic
expression of HO-1 have been reported in patients with
ALF and might be useful to predict prognosis'*'”. There-
fore, we speculated that the expression of these genes
could reflect the extent of hypoxia in the diseased liver.
Tail vein AT III injection did not affect the expression of
LDH, suggesting that peripheral administration of AT
Il does not improve hepatic hypoxia. In contrast, LDH
expression was significantly reduced in rats injected with
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Figure 3 Effects of antithrombin II on liver histology. Liver samples were
obtained 24 h after lipopolysaccharide and D-galactosamine injection and
stained with hematoxylin and eosin (magnification, x 200). A: Control; B: Anti-
thrombin (AT) I injected via the tail vein; C: AT 1I injected via the portal vein.

AT I via the portal vein compared with the tail vein, and
the control group (Figure 4A). The expression patterns of
HO-1 differed from those of LDH. AT III injection via
the tail vein significantly reduced HO-1 expression levels
compared with those in the control group, and its expres-
sion was further reduced by AT Il injection »ia the portal
vein (Figure 4B). These observations suggest that AT III
injection vz the portal vein reduces intrahepatic hypoxia,
probably by controlling the microcirculatory disturbances.

Portal vein injection of AT Il injection improved activity
of the deteriorated coagulation system

Serum levels of FDPs are a marker for the extent of
deterioration in the coagulation system in ALFP, Injec-
tion of AT Il via the tail vein did not change FDP levels,
whereas injection of AT IIl v the portal vein significant-
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Figure 4 Effects of antithrombin II on hepatic mRNA expression of
lactate dehydrogenase and heme oxygenase-1. Hepatic mRNA expression
of lactate dehydrogenase (LDH) (A) and heme oxygenase (HO)-1 (B) was
determined by real-time polymerase chain reaction. Reactions were normalized
for glyceraldehyde-3-phosphate dehydrogenase expression and the relative
expression in the untreated liver was used as a control. Control: Untreated; TV:
Antithrombin (AT) III injection via the tail vein; PV: AT Il injection via the portal
vein. Values are means + SD (n = 10 rats/group). °P < 0.05 vs the tail vein
group and the control group.

ly reduced FDP levels compared with those in the control
and tail vein groups (Figure 5). Taken together, improve-
ments in the coagulation system were only achieved by
injecting AT Il directly into the diseased liver.

Effects of AT Il on intrahepatic fibrin deposition

Fibrin deposition in hepatic sinusoids has been observed
in ALFE. It is recognized as a manifestation of disturbances
in the intrahepatic coagulation system and is mainly
caused by sinusoidal endothelial cell injurymj. In our study,
phosphotungstic acid-hematoxylin staining revealed that
fibrin was diffusely deposited in the sinusoids in the con-
trol liver, suggesting intrahepatic coagulation (Figure 6A).
In rats treated with AT Il »iz the tail vein, hepatic fibrin
deposition was reduced but it was still sparsely distributed
(Figure 6B). Meanwhile, injection of AT Il via the portal
vein diminished fibrin deposition in the liver parenchyma,
which suggests that it may affect the maintenance of the
intrahepatic coagulation system (Figure 6C).
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Figure 5 Effects of antithrombin I on serum fibrin degradation product
levels. The serum fibrin degradation product (FDP) levels were determined 24
h after injection of lipopolysaccharide and D-galactosamine. Control: Untreated;
TV: Antithrombin (AT) III injection via the tail vein; PV: AT Il injection via the
portal vein. Values are means + SD (n = 10 rats/group). °P < 0.05 vs control
and tail vein groups.

DISCUSSION

We demonstrated that directly injecting AT Il into the
portal vein improved liver damage in a rat model of ALF
induced by LPS and GalN. AT III injection wza the portal
vein suppressed the increases in serum ALT and inflam-
matory cytokine levels, and intrahepatic fibrin deposition,
and reduced the mRNA expression of hypoxia-related
genes associated with ALF. These effects were accom-
plished by administering a relatively low dose of AT III
that should be acceptable in clinical practice.
Microcirculatory disturbances are involved in the patho-
genesis of ALF. Activation of the inflammatory cascade
may affect the coagulation system and the resulting in-
trahepatic coagulation may worsen sinusoidal blood flow,
leading to massive liver necrosis; a histological feature
of ALF™. Activation of macrophages, as represented
by the elevated serum levels of CD163 and osteopontin
in ALF patients, seems to be a trigger for this inflam-
matory process” . Following the onset of inflammation,
disturbances in the intrahepatic coagulation system may
enhance the destruction of liver cells. In patients with
ALF, electron microscopy has revealed disorders in si-
nusoidal endothelial cells (SECs)™. Moreover, reduced
mRNA expression of anticoagulants such as tissue factor
pathway inhibitor and thrombomodulin are observed in
SECs. Following the activation of tissue factor, intrahe-
patic coagulation causes sinusoidal fibrin deposition and
thus restricts blood circulation in the diseased liver™",
Based on these observations, AT IlI treatment has
been tested in animal models of ALF because of its anti-
coagulant activity. Systemic injection of AT T (500 U/kg
body weight) prevented Con-A-induced liver injury by in-
hibiting macrophage inflammatory protein-2 release and
endothelial cell production of prostacyclinm. Meanwhile,
a similar dose of AT IIl (400 U/kg body weight) reduced
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Figure 6 Effects of antithrombin I on hepatic phosphotungstic acid-
hematoxylin staining. To estimate the extent of intrasinusoidal coagulation,
fibrin deposition was analyzed by phosphotungstic acid-hematoxylin staining
(magnification, x 400). Fibrin deposition was observed as a dense rod-like
structure (arrow). A: Control; B: Antithrombin (AT) I injected via the tail vein; C:
AT I injected via the portal vein.

liver damage in an ALF model with coagulopathy in-
duced by DMN, which was characterized by marked in-
trasinusoidal fibrin deposition and elevated serum fibrin
monomer complexes[s]. However, large doses of AT 1,
which are unacceptable in clinical practice, were used to
suppress liver injury in these experimental models.

The effects of AT III for the treatment of ALF
patients seem to be limited. Fujiwara ez a/*” treated 26
patients with fulminant hepatic failure with daily infu-
sion of 3000 U AT III. Notably, survival time was longer
in patients with plasma AT Il levels within the normal
range compared with levels beyond the normal range.
However, the survival rates were not significantly dif-
ferent between patients treated with AT Il and control
patients. Another research group treated 13 ALF patients
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with 3000 U AT III, followed by a further 1000 U every
6 h. However, survival time was not improved by AT III
and the extent of intravascular coagulation was similar
between AT-IM-treated and control patients™. These
different outcomes of clinical trials and animal experi-
ments might be due to the insufficient concentration of
AT I in the patients’ liver. Indeed, the relative doses of
AT Il per body weight used in patients were < 10% of
those used in animals. Moreover, even though the plasma
concentrations of AT Il were maintained within the
normal ranges, the survival rate was not improved, which
suggests that the intrahepatic concentration of AT III did
not reach the levels needed to maintain the integrity of
the coagulation system in the diseased liver because of
impaired sinusoidal circulation.

From our previous experience of treating ALF rats
with methylprednisolone, we have demonstrated that
direct delivery of steroid into the liver suppresses liver
damage more effectively than does systemic injection.
We found that injecting methylprednisolone viz the por-
tal vein significantly increased the survival rate, reduced
serum cytokine levels, and decreased the number of
apoptotic liver cells compared with tail vein injection!’!
Therefore, we speculated that the anticoagulant activ-
ity of AT III would be more effective when injected iz
the portal vein than sia a petipheral vein. In our study,
significant reductions in the serum FDP levels and fibrin
deposition were only observed in rats injected with AT
Il véa the portal vein, suggesting that direct drug delivery
is necessary to achieve therapeutic concentrations of AT
I in the diseased liver. Of particular interest is that, us-
ing this method, we reduced the dose of AT III to levels
acceptable for clinical practice.

Anti-inflammatory activities of AT Il have been re-
ported in addition to its anticoagulant activity. In septic
patients, AT Il improves lung injury by suppressing the
production of inflammatory cytokines, and prevents liver
and kidney failure”"™. The mechanisms involved in the
anti-inflammatory activities of AT Il have been analyzed
in rats treated with endotoxin™. AT 1II prevents pulmo-
nary vascular injury by inhibiting leukocyte activation
mediated by the enhanced release of prostacyclin from
endothelial cells. Additionally, AT Il has been reported
to inhibit the activation of inflammatory signaling cas-
cades in several cell types, including the activation of nu-
clear factor (NF)-kB in human monocytes and vascular
endothelial cells™; the production of TNF-¢ and IL-6
in LPS-stimulated murine macrophages™; and human
neutrophil migration™. In our study, portal vein injection
of AT I significantly reduced serum TNF-q, IFN-y and
IL-6 levels compared with tail vein injection, and the con-
trol group. These results support two possible actions of
AT Il injected »ia the portal vein to suppress inflamma-
tion: (1) the anti-inflammatory activity of AT IIl was en-
abled because the tissue concentration reached effective
levels following direct drug delivery; and (2) the reduced
liver cell destruction mediated by the anticoagulant activ-
ity of AT Il suppressed the activation of surrounding
inflammatory cells. We are currently unable to postulate
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which action of AT Il might be dominant; however, it
seems reasonable to suggest that the anticoagulant and
anti-inflammatory activities of AT Il may act together to
suppress tissue inflammation.

In patients with ALF, it has been reported that micro-
circulatory disturbances induce hypoxia in the liver!™"”.
Increased serum LDH levels and hepatic HO-1 expres-
sion are markers for the extent of hypoxia, reflecting the
damage to the hepatic microcirculation. In this study,
serum LDH levels were significantly reduced in rats in-
jected with AT Il »iz the portal vein, whereas hepatic
HO-1 expression was decreased in both groups of rats
injected with AT Il compared with the control group.
Expression of LDH and HO-1 are induced by hypoxia-
inducible factor-1, therefore, the different expression
patterns of these genes are unlikely to be due to hypoxia-
mediated transcriptional regulationm. In contrast, the ex-
pression of HO-1 is transactivated by activator protein-1
and NF-xB, which are transcriptional factors that can
activate various inflammatory signalsm]. In this context,
we speculate that the reduced HO-1 expression in rats
injected with AT Il »iz the tail vein may partly reflect de-
creased hepatic inflammation; however, the hypoxia may
only be improved by injecting AT Il zia the portal vein.

In conclusion, we demonstrated that injecting AT
Il via the portal vein suppressed liver damage in a rat
model of ALF. The increased concentration of AT I
in the diseased liver following direct drug delivery might
enhance its anticoagulant and anti-inflammatory activi-
ties. Furthermore, the dose of AT III used in this method
was < 10% of that used in previous studies where AT Il
was injected vz peripheral veins. We believe that further
studies ate needed to establish this method as an effective
treatment for ALF.

COMMENTS

Background

Acute liver damage occasionally progresses to acute liver failure (ALF) with
extremely high mortality. Liver transplantation is the only effective treatment for
patients with ALF. Plasma exchange and hemodiafiltration have been used as
artificial liver support systems for affected patients but are only partially effec-
tive.

Research frontiers

Intravascular coagulation is thought to be involved in the pathogenesis of ALF.
Anticoagulation therapy using antithrombin (AT) I effectively suppresses liver
damage in experimental models of ALF; however, extremely high doses of AT
I (200-500 U/kg body weight) are necessary. In this study, the authors dem-
onstrated that injection of AT II into the portal vein may help to improve the
efficiency of AT Il compared with injected into peripheral vein.

Innovations and breakthroughs

The authors found that injection of AT III via the portal vein showed superior
effects to those achieved by tail vein injection in terms of lowering the serum
levels of transaminase and inflammatory cytokines, reducing damage to the
intrahepatic coagulation system, and improving hypoxia in the diseased liver.
A clinically acceptable dose of AT IIl injected via the portal vein suppressed
liver damage, therefore, direct delivery of AT I into the diseased liver could
enhance the anticoagulant and anti-inflammatory activities of AT II.
Applications

The development of injection of AT III via the portal vein might be useful to en-
hance the effects of AT III and ultimately improve the outcomes of patients with
ALF, such as increasing the survival rate and reducing the number of patients
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who need liver transplantation.

Terminology

AT III inhibits serine proteases involved in the coagulation cascade. Addition-
ally, AT I is reported to inhibit activation of inflammatory signaling cascades,
including the activation of nuclear factor-kB, production of tumor necrosis
factor-a. and interleukin-6 in various cell types.

Peer review

The manuscript is clearly written and the authors discuss their findings in an
adequate way. Moreover, the reduction of the dose of AT 1II via injection in the
portal vein has clinical implications.
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