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Abstract

 

Tumor necrosis factor-

 

a

 

 (TNF) causes vasodilatation and a

hyperdynamic state by activating nitric oxide (NO) synthe-

sis. Tyrphostins, specific inhibitors of protein tyrosine ki-

nase (PTK), block the signaling events induced by TNF and

NO production. A hyperdynamic circulatory syndrome

(HCS) is often observed in portal hypertension (PHT). TNF

and NO seem to mediate these hemodynamic changes. The

aim of this work was to study the effect of PTK inhibition

on the systemic and portal hemodynamics, TNF and NO

production, in cirrhotic rats with portal hypertension. Rats

with liver cirrhosis induced by chronic inhalation of carbon

tetrachloride were used. Animals were treated daily with

tyrphostin AG 126 (

 

a

 

-cyano-(3-hydroxy-4-nitro) cinnamo-

nitrile) or placebo for 5 d. Mean arterial pressure (MAP),

heart rate (HR), and portal pressure (PP) were measured by

indwelling catheters. Cardiac output (CI) and stroke vol-

ume (SV) were estimated by thermodilution, systemic vas-

cular resistance (SVR) was calculated (MAP/CI), and portal

systemic shunting (PSS) was quantitated using radioactive

microspheres. Serum and mesenteric lymph node (MLN)

TNF levels were measured using an immunoassay kit, and

serum NOx was determined photometrically by its oxida-

tion products. The AG 126–treated group showed a statisti-

cally significant increase in MAP and SVR, and decreases in

CI, SV, MLN TNF, and serum NO oxidation products ni-

trite and nitrate (NOx) in comparison with the placebo-

treated rats. No significant differences were noticed in HR,

PP, PSS, or serum TNF. Significant correlations were ob-

served between MAP and NOx, MAP and MLN TNF, PSS

and NOx, and serum TNF and serum NOx. The HCS ob-

served in PHT seems to be mediated, at least in part, by

TNF and NO by the activation of PTKs and their signaling

pathways. PTK activity inhibition ameliorates the hyperdy-

namic abnormalities that characterize animals with cirrho-

sis and PHT. (

 

J. Clin. Invest. 

 

1997. 100:664–670.) Key

words: tumor necrosis factor-

 

a

 

 vasodilation 

 

• 

 

protein ty-

rosine kinase 

 

• 

 

signal transduction 

 

• 

 

liver cirrhosis

 

Introduction

 

Portal hypertension (PHT)

 

1

 

 and/or extensive portal–systemic
shunting (anatomical or functional) (PSS) is observed very of-
ten in patients with chronic liver disease as well as experimen-
tal models of this pathology. These patients present with a sys-
temic and splanchnic vasodilatation, retention of sodium and
water, and the consequent expansion of the plasma volume,
leading to so-called hyperdynamic circulatory syndrome
(HCS). This phenomenon is manifested by a decrease in mean
arterial pressure (MAP) and systemic vascular resistance
(SVR), and an increase in cardiac output and regional blood
flows (1). The etiology of the hyperdynamic circulation is still
controversial, although it most likely is initiated by vasodilata-
tion induced by an increase in activity of endothelial-depen-
dent and -independent vasodilators.

Several authors have suggested a role for endogenous nitric
oxide (NO) in the regulation of vascular tone and blood flow
of the systemic and splanchnic circulations in PHT (2, 3), and,
by using NO biosynthesis inhibitors, it is possible to attenuate
the systemic hypotension and splanchnic vasodilatation ob-
served in rats with PHT (4, 5).

TNF-

 

a

 

, a 17-kD cytotoxic protein produced by mononu-
clear cells upon activation by several stimuli (6), has been
shown to increase vascular permeability (7), enhance neutro-
phil adhesion to vascular endothelium (8), promote neutrophil
migration to the site of inflammation and injury (8), and cause
metabolic and structural damage in vascular endothelial cells
(9, 10). The biological response to TNF-

 

a

 

 is amplified by the
secondary release of platelet-derived growth factor (11), gran-
ulocyte colony-stimulating factor (11), IL-1 (11), platelet-acti-
vating factor (11), and NO (12, 13). TNF-

 

a

 

 causes marked
hypotension in mammals (6). Several investigators have dem-
onstrated the existence of a cytokine-inducible 

 

L

 

-arginine/NO
pathway by showing that the hypotension elicited by TNF-

 

a

 

 is
reversed after inhibition of NO synthesis (14, 15), which sug-
gests that 

 

L

 

-arginine–derived NO is a principal mediator of
TNF-

 

a

 

–induced hypotension. Several reports have documen-
ted elevated TNF-

 

a

 

 plasma levels in liver disease (16, 17). We
have reported recently that treatment with a specific poly-
clonal anti–TNF-

 

a

 

 antibody or with thalidomide, a derivative
of glutamic acid that selectively inhibits TNF-

 

a

 

 production,
significantly blunts the development of the hyperdynamic cir-
culation in partial portal vein ligated (PVL) rats (18, 19).
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Some other hyperdynamic states, such as sepsis or septic
shock, result almost exclusively from the stimulation of immu-
nocytes by LPS. LPS induces protein tyrosine phosphorylation
in target cells and activates mononuclear cells to produce
TNF-

 

a

 

 and other inflammatory mediators (20). Moreover,
these cytokines induce tyrosine phosphorylation in specific
cells that initiate a number of signal events that lead to the syn-
thesis of other intermediary substances, such as NO (20–22).
Consequently, specific protein tyrosine kinase (PTK) inhibi-
tors, such as tyrphostins, may offer a double block by inhibit-
ing not only TNF-

 

a

 

 production, but TNF-

 

a

 

 activity as well
(23).

In this study, we investigate the effects of the tyrphostin
AG 126 (

 

a

 

-Cyano-(3-hydroxy-4-nitro) cinnamonitrile) family
of PTK inhibitors on the systemic and portal hemodynamics,
TNF-

 

a

 

 and NO production, in cirrhotic rats with PHT and as-
cites.

 

Methods

 

Induction of cirrhosis by carbon tetrachloride (CCl

 

4

 

).

 

The experiments
were performed on male Sprague-Dawley rats (Letica–Centre d’el-
evage R. Janvier, Barcelona, Spain) weighing 100–125 g that under-
went inhalation exposure to CCl

 

4

 

 as previously described (24, 25).
The rats were housed in Plexiglas cages in a temperature- and humid-
ity-controlled environment and allowed free access to water and rat
chow (Letica). To reduce the time required to induce cirrhosis, rats
received 0.35 g/liter phenobarbital diluted in the drinking water start-
ing 1 wk before initial exposure to CCl

 

4

 

 inhalation. CCl

 

4

 

 was adminis-
tered in an inhalation chamber three times per week for increasing
periods of time (1–5 min). This technique produces a high yield of mi-
cronodular cirrhosis after 

 

z

 

 12 wk CCl

 

4

 

 inhalation. To overcome
variabilities inherent in this model, only animals with clinical evi-
dence of ascites were used for the studies. Phenobarbital was stopped
at least 6 d before the studies. Animals not exposed to CCl

 

4

 

 served as
control. The experiments described in this report were conducted ac-
cording to the Guide for the Care and Use of Laboratory animals.

 

Experimental design.

 

Animals with cirrhosis were selected for the
experiments once the presence of ascites was noticed. Then, rats were
treated daily with tyrphostin AG 126 (Cal-Biochem Corp., La Jolla,
CA) at a dose of 40 mg/kg/d (

 

n

 

 

 

5

 

 7) or placebo (

 

n

 

 

 

5

 

 9) intramuscu-
larly for 5 d, at which time the hemodynamic and analytical determi-
nations were performed. Normal rats of the same age and receiving
the same treatment as the cirrhotics were used to study the effect of
AG 126 (

 

n

 

 

 

5

 

 6) or placebo (

 

n

 

 

 

5

 

 6) in animals without cirrhosis. The
dose was chosen based on previous experiments from Dr. Levitzki’s
laboratory. In vivo studies showed that administration of tyrphostin
AG 126 at a dose of 400 

 

m

 

g per mouse before injection of LPS (1.5
mg per mouse) completely prevented TNF-

 

a

 

 production and NO oxi-
dation products nitrite and nitrate (NOx) synthesis, and reduced the
lethality to 10% (23). Tyrphostins are synthetic PTK inhibitors that
include several arylidene substances. The compounds belonging to
the dihydroxy- and dimethoxybenzylidene malononitrile class of
PTK inhibitors have good efficacy in vivo (26, 27).

 

Hemodynamic studies.

 

Each animal was weighed and anesthe-
tized with ketamine hydrochloride, (100 mg/kg body wt, intramuscu-
larly (Ketolar; Parke-Davis, Barcelona, Spain). MAP and portal pres-
sure (PP) were evaluated by cannulating the exposed left femoral
artery and superior mesenteric vein with PE-50 catheters connected
to Combitrans

 

®

 

 pressure transducers (B. Braun Melsungen AG, Mel-
sungen, Germany). Permanent recordings of the MAP and then of
the PP were made on a polygraph (model 6006; Letica). External zero
reference level was placed at the midportion of the rats. To allow re-
peated measurements, stroke volume (SV) and cardiac output were
measured by thermodilution, as previously described (28). Briefly, a
thermistor was placed in the aortic arch just distal to the aortic valve,

and the thermal indicator (0.1 ml of 5% dextrose/water) was injected
into the right atrium through a PE-50 catheter placed into the jugular
vein. The aortic thermistor was connected to a cardiac output com-
puter (Experimetria MM Ltd., Budapest, Hungary). Blood tempera-
ture was maintained at 37.2

 

6

 

0.2

 

8

 

C. A typical thermodilution curve
would have a peak blood temperature value of 

 

z

 

 

 

2

 

0.3

 

8

 

C with a rapid
upslope and a smooth decay. At least three thermodilution curves
were obtained for each cardiac output measurement, discarding those
curves with unusual morphology. The final cardiac output value was
obtained from the arithmetic mean of the computer results of at least
two thermodilution curves. The cardiac output measurements were
highly reproducible, with a coefficient of variability of 3.7

 

6

 

1.7%.
Cardiac index (CI) (ml·min

 

2

 

1

 

·100 g

 

2

 

1

 

) was calculated as cardiac out-
put per 100 g body wt. SVR (mmHg·min·ml

 

2

 

1

 

·100 g) was calculated
from MAP divided by CI.

PSS was quantified by an injection of 

 

z

 

 50,000 

 

57

 

Co-labeled mi-
crospheres (15.5

 

6

 

0.1 mm; New England Nuclear, Boston, MA) into
the spleen as previously described (29).

 

Measurements of TNF-

 

a

 

.

 

We used an immunoassay kit (Bio-
Source, International, Camarillo, TX) to determine TNF-

 

a

 

 concen-
trations in both serum and mesenteric lymph node (MLN) homoge-
nates. This immunoassay, used for the in vitro determination of TNF-

 

a

 

in rat serum, recognizes both natural and recombinant rat TNF-

 

a

 

. In
brief, as reported by the manufacturer, this kit is a solid-phase sand-
wich ELISA. A specific anti–TNF-

 

a

 

 antibody was coated onto the
wells of the microtiter strips. Standards of known TNF-

 

a

 

 contents,
control specimens, and unknown samples were pipetted into the wells
followed by the addition of biotinylated second antibody. After a first
incubation and the removal of excess second antibody, streptavidin
peroxidase was added. A substrate (tetramethyl benzidine) solution
was then added to produce color. The intensity of this colored prod-
uct is directly proportional to the concentration of TNF-

 

a

 

 present in
the sample. Absorbancy was read with a microtiter plate reader at
450 nm. The minimum detectable dose of TNF-

 

a

 

 for this kit is 4 pg/
ml. It has cross-reactivity with mouse (100%) and human TNF-

 

a

 

(0.15%). No cross-reactivity has been observed with rat IFN-

 

g

 

,
mouse IL-1

 

b

 

, IL-2, IL-4, IL-6, and IL-10. The recovery of TNF-

 

a

 

added to pooled rat serum averaged 104% (range 94–110%) between
200 and 800 pg/ml of TNF-

 

a

 

. The intra- and the interassay coeffi-
cients of variance are 2.6–2.7 and 3.5–4.3%, respectively. The correla-
tion coefficient of the linear regression analysis of samples versus ex-
pected concentrations is 0.999.

TNF-

 

a

 

 was measured in serum and MLN samples obtained at the
end of hemodynamic studies in AG 126– and placebo-treated ani-
mals.

 

Measurement of serum NO.

 

NO was determined photometrically
in serum by its oxidation products nitrite and nitrate using a colori-
metric assay (Boehringer Mannheim, Mannheim, Germany). As de-
scribed by the manufacturer, NO is detected in biological fluids via
nitrite. The nitrate present in samples is reduced to nitrite by reduced
nicotinamide adenine dinucleotide phosphate in the presence of the
enzyme nitrate reductase. The nitrite formed reacts with sulfanil-
amide and 

 

N

 

-(1-naphtyl)-ethyl-enediamine dihydrochloride to give a
red-violet diazo dye. Finally, the diazo dye is measured on the basis of
its absorbance at 550 nm using a microtiter plate reader (30, 31).

 

Statistics.

 

All the observations are reported as mean

 

6

 

SEM. Sta-
tistical analyses were performed using the unpaired 

 

t

 

 test and simple
regression analysis, and the Spearman rank correlation coefficients
were calculated.

 

Results

 

Treatment was tolerated well, and no side effects were ob-
served in the animals. Cirrhotic rats treated with tyrphostin
AG 126 presented with a statistically significant increase in
MAP (123

 

6

 

3.7 vs. 109.5

 

6

 

3.7 mmHg, 

 

P

 

 

 

5

 

 0.02) and SVR
(1.72

 

6

 

0.16 vs. 1.15

 

6

 

0.05 mmHg·ml

 

2

 

1

 

·min·100 g, 

 

P

 

 

 

5

 

 0.01) in
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comparison with the placebo-treated cirrhotic animals. On the
other hand, the AG 126–treated rats showed a statistically
significant decrease in CI (74.2

 

6

 

5.5 vs. 96.7

 

6

 

5.2 ml·min

 

2

 

1

 

·
100 g

 

2

 

1

 

, 

 

P

 

 

 

5

 

 0.01) and SV (0.39

 

6

 

0.02 vs. 0.51

 

6

 

0.03 ml/beat,

 

P

 

 

 

5

 

 0.01) compared to the placebo-treated rats (Fig. 1 

 

A

 

). No
statistically significant differences were found regarding heart
rate (HR) (414

 

6

 

14 vs. 384

 

6

 

10 bpm, 

 

P

 

 

 

.

 

 0.05). No significant
changes were noticed in the splanchnic hemodynamics. As de-
picted in Fig. 1 

 

B

 

, no statistical differences were observed in
PP (17.9

 

6

 

0.5 vs. 17.1

 

6

 

0.8 mmHg, 

 

P

 

 

 

.

 

 0.05) or PSS (56.7

 

6

 

12
vs. 61.5

 

6

 

14%, 

 

P

 

 

 

.

 

 0.05).
Tyrphostin AG 126 treatment did not exert any signifi-

cant hemodynamic effect on control rats compared to the
control placebo-treated animals (

 

n

 

 

 

5

 

 6 in both groups)
(MAP: 126

 

6

 

2 vs. 126

 

6

 

1 mmHg; SVR: 3.96

 

6

 

0.4 vs. 5.63

 

6

 

0.9
mmHg·ml

 

2

 

1

 

·min·100 g; CI: 33.3

 

6

 

3 vs. 25.8

 

6

 

5 ml·min

 

2

 

1

 

·100
g

 

2

 

1

 

; SV: 0.22

 

6

 

0.01 vs. 0.1860.029 ml/beat; HR: 441632 vs.
460621 bpm; and PP: 6.161.2 vs. 7.560.6 mmHg; P 5 NS)
(Fig. 2).

Cirrhotic animals treated with placebo had a statistically
lower MAP and SVR (109.563.7 vs. 12661 mmHg, and
1.1560.05 vs. 5.6360.9 mmHg·ml21·min·100 g; P , 0.01) and
higher SV, CI, and PP (0.5160.03 vs. 0.1860.02 ml/beat,
96.765.2 vs. 25.865.0 ml·min21·100 g21, and 17.160.5 vs.

Figure 1. (A) Effect of tyrphostin AG 126 
treatment on the systemic hemodynamics 
of ascitic cirrhotic rats with PHT. Animals 
treated with AG 126 show a significant in-
crease in MAP and SVR, and a significant 
decrease in CI and SV in comparison with 
the placebo-treated rats. Data are shown in 
absolute values. (B) Effect of tyrphostin 
AG 126 treatment on the splanchnic he-
modynamics of ascitic cirrhotic rats with 
PHT. Animals treated with AG 126 do not 
show any significant difference in PP (in 
absolute values) or PSS in comparison with 
the placebo-treated rats. AG 126, Cirrhotic 
rats treated with tyrphostin AG 126 (n 5 
7). PLA, Cirrhotic rats treated with pla-
cebo (n 5 9).
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7.560.6 mmHg; P , 0.001) compared to the control rats
treated with placebo. No significant differences in MAP and
HR were observed between cirrhotic animals treated with AG
126 and control rats treated with AG 126 (12363.7 vs. 12662
mmHg and 414614 vs. 441632 bpm; P 5 NS). Cirrhotic ani-
mals treated with AG 126 had a higher CI, SV, and PP
(74.265.5 vs. 33.363 ml·min21·100 g21, 0.3960.02 vs. 0.2260.01
ml/beat, and 17.960.8 vs. 6.0861.2 mmHg; P , 0.001), and
lower SVR (1.7260.16 vs. 3.9660.39 mmHg·ml21·min·100 g,
P , 0.01) than control rats treated with AG 126.

Although differences regarding serum TNF-a did not reach
statistical significance (79615 vs. 97627 pg/ml, P . 0.05), cir-
rhotic animals treated with AG 126 presented with a signifi-
cantly lower MLN TNF-a (222647 vs. 439659 pg/ml, P 5

0.01) and serum NOx (15.861.1 vs. 21.361.5 mM, P 5 0.01)

concentrations in comparison with the placebo-treated cir-
rhotic rats (Fig. 3).

Control animals treated with AG 126 did not show any sig-
nificant difference in serum TNF, MLN TNF, or serum NOx
(16.3967.0 vs. 13.1367.9 pg/ml, 87.10618.1 vs. 152.0648.4 pg/
ml, and 21.262.7 vs. 13.262.4 mM; P 5 NS) compared to the
placebo-treated control rats.

No significant differences were observed in the degree of
ascites or change in weight of rats, serum transaminases, biliru-
bin, urea, creatinine, alkaline phosphatase, g-glutamyl trans-
peptidase, hematocrit, sodium, potassium, or proteins between
AG 126 and placebo-treated animals.

Moreover, when data from all AG 126– and placebo-
treated rats were pooled together in a simple regression analy-
sis, a significant correlation was found between MAP and NOx

Figure 2. Effect of tyrphostin AG 126 
treatment on the systemic hemodynamics 
of control (normal) rats. Animals treated 
with AG 126 do not show any significant 
difference in MAP, SVR, CI, or SV in 
comparison with the placebo-treated rats. 
Data are shown in absolute values. AG 

126, Control rats treated with tyrphostin 
AG 126 (n 5 6). PLA, Control rats treated 
with placebo (n 5 6).

Figure 3. MLN TNF-a (MLN-TNF) and 
serum NOx levels of ascitic cirrhotic rats 
with PHT treated with tyrphostin AG 126 
or placebo. Animals treated with AG 126 
have significantly lower levels of both 
MLN-TNF and serum NOx in comparison 
with the placebo-treated rats. AG 126, Cir-
rhotic rats treated with tyrphostin AG 126 
(n 5 7). PLA, Cirrhotic rats treated with 
placebo (n 5 9).
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serum levels (R 5 20.76, P , 0.001) (Fig. 4), MAP and MLN
TNF-a (R 5 20.65, P 5 0.008) (Fig. 5), and serum TNF-a and
NOx levels (R 5 0.62, P 5 0.003) (Fig. 6). A close correlation
was noticed between serum NOx and MLN TNF-a (R 5 0.46),
but it did not reach statistical significance (P 5 0.08).

Discussion

The pathogenesis of the HCS in patients and experimental
models of liver disease has been of relevant interest in medical
research, especially because of its serious consequences, in-
cluding variceal hemorrhage, hepatopulmonary syndrome,
portal–systemic encephalopathy, and ascites (1). Several inves-
tigators have reported previously that the L-arginine–derived
NO is involved, at least in part, in the hemodynamic changes

of this syndrome (2–5). Besides, it has been shown that the sys-
temic hypotension elicited by TNF-a in mammals is possibly
mediated by NO (15). In a recent study, it was demonstrated
that TNF-a blockade with specific polyclonal antibodies in an
experimental model of PHT (partial ligation of the portal vein,
or PVL) that mimics the hemodynamic features observed in
liver cirrhosis, prevented and corrected in large part the clini-
cal characteristics of the HCS (18). These findings were con-
firmed in a study performed in the same experimental model
of PHT by using thalidomide, a derivative of glutamic acid
which selectively inhibits TNF-a production (19).

Several authors found a role for TNF-a in hepatic patho-
physiology, and showed that elevated concentrations of cyto-
kines represent a characteristic feature of liver disease (32).
TNF-a and IL-1a are related to some of the metabolic conse-
quences of both acute and chronic alcohol-induced liver dis-
ease (17), and their production is increased in chronic liver dis-
ease (16). The liver is a major site for the synthesis and
clearance of several cytokines (33). They are involved in the
onset of intrahepatic immune responses, in liver regeneration,
and in the fibrotic and cirrhotic transformation of the liver due
to chronic chemical injury (as in the experimental model used
in this report) or viral infection (33). NO may act as a messen-
ger molecule for LPS and cytokine-induced cGMP biosynthe-
sis in liver cells (34). Endotoxins have not been detected in ar-
terial samples of PVL rats (35). However, the hypothesis that
endotoxin does play a role in the hyperdynamic circulation of
this experimental model cannot be completely ruled out. Sev-
eral investigators have shown that TNF-a receptor is capable
of signal transduction (36). Monocytes from alcoholic hepatitis
patients have significantly increased spontaneous and LPS-
stimulated TNF-a release compared to monocytes from
healthy volunteers (37).

PHT promotes bacterial translocation to the MLN. In most
cases, these bacteria are contained within these nodes without
invading the blood or other organs (38, 39). Therefore, it is
possible that the mononuclear cell may be activated within the
lymph nodes without detection of circulating endotoxins. Re-

Figure 4. Correlation between MAP and serum NOx levels in ascitic 
cirrhotic rats with PHT. A statistically significant correlation (R 5 
20.76; P , 0.001) between MAP and serum NOx levels.

Figure 5. Correlation between MAP and MLN TNF-a (MLN-TNF) 
levels in ascitic cirrhotic rats with PHT. A statistically significant cor-
relation (R 5 20.65; P , 0.008) between MAP and MLN-TNF.

Figure 6. Correlation between serum TNF-a and serum NOx levels 
in ascitic cirrhotic rats with PHT. A statistically significant correlation 
(R 5 0.62; P 5 0.003) between serum TNF-a and serum NOx levels.
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cently, emphasis has been placed on the fact that sepsis is one
example of a systemic inflammatory response that can be trig-
gered not only by infection but by noninfectious disorders as
well (40). Microorganisms may invade the bloodstream or may
proliferate locally and release various substances, such as en-
dotoxin (LPS), teicoic acid antigen, or exotoxins, which are
structural components that stimulate the release of endoge-
nous mediators of sepsis from plasma precursors or cells (41).
LPS induces protein tyrosine phosphorylation (20) in mac-
rophages, as well as the generation of eicosanoids (42) and
NO, and PTK inhibitors such as tyrphostins inhibit these
events. Additionally, TNF-a–mediated signaling events are
also blocked by PTK inhibitors (43). Some of the toxic mani-
festations of LPS seem to be mediated by NO (22). NO pro-
duction is stimulated by LPS and inhibited by tyrphostins (44).
Thus, these agents can suppress both the production of TNF-a
and/or their induced effects.

Tyrphostin AG 126 is one of the most potent inhibitors of
TNF-a production and it also inhibits the in vitro production
of NOx (23). This class of PTK inhibitors has good efficacy in
vivo (26, 27). Previous experiments have shown no visible
toxic manifestations or life-shortening in animals treated with
AG 126. Administration up to 30 times the dose given in the
experiments did not show any toxicity (23). This observation is
confirmed in our experiments where hematological and bio-
chemical findings were similar in both AG 126– and placebo-
treated rats, and no side effects were noticed. The administra-
tion of AG 126 before LPS treatment inhibited the increase in
the concentration of serum TNF-a, but administration of AG
126 2 h after LPS had almost no protective effect (23).

Cirrhosis differs from the septic and prehepatic PHT–PVL
models because, in the former, the time of onset of stimulation
is not precise: cirrhosis shows chronic induction of TNF-a for-
mation and exposure to its metabolic and hemodynamic
changes. This study, using an experimental rat model of liver
cirrhosis with PHT induced by chronic inhalation of CCl4,
demonstrates that treatment with tyrphostin AG 126, a selec-
tive PTK inhibitor, increases MAP and SVR and decreases CI,
SV, MLN TNF-a levels, and serum NOx in these animals.
Therefore, this treatment corrects in large part the hemody-
namic abnormalities which characterize the HCS of liver cir-
rhosis. Serum TNF-a levels were not significantly different in
AG 126– and placebo-treated animals. One possible explana-
tion for this finding could be that, once TNF-a production is
induced, the inhibitory effect of AG 126 on TNF-a synthesis is
much more reduced. Nevertheless, AG 126 is able to inhibit
tyrosine phosphorylation and NO production. The results
from this study also show a significant correlation between
MAP and NOx serum levels, MAP and MLN TNF-a, and se-
rum TNF-a and NOx levels. A close correlation was also ob-
served between serum NOx and MLN TNF-a, although it did
not reach statistical significance.

The findings we report here support the hypothesis re-
cently suggested that TNF-a has a possible role in the patho-
genesis of the hemodynamic changes observed in PHT (18,
19), and that increased NO synthesis associated with incre-
ments in TNF-a activity is responsible, at least in part, for the
observed vasodilatation.

In summary, this study, performed in ascitic cirrhotic rats
with PHT induced by CCl4 inhalation, shows that treatment
with a specific PTK inhibitor such as tyrphostin AG 126 signif-
icantly ameliorates the hyperdynamic state and reduces MLN

TNF-a and serum NOx levels. We conclude that tyrosine ki-
nases, and the signaling pathways in which they participate,
may be implicated in the pathophysiologic events induced by
TNF-a and NO and in the hemodynamic abnormalities ob-
served in cirrhosis.
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