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ABSTRACT

Introduction. The pathogenesis of hepatopulmonary
syndrome (HPS) has not been clarified, but since the
basis of HPS development is the dilation of inner lung
capillaries, researchers suggest that HPS is caused by
the prolonged action of biologically active compounds
on the blood vessels of pulmonary circuit and a syn-
drome of systemic inflammatory response has also
been implicated in its development.

The objective of the study was to evaluate the indi-
ces of endogenous intoxication and inflammation in
blood serum and lung tissue of animals with different
models of hepatopulmonary syndrome.

Material and methods. The first experimental mod-
el of HPS was made by imposing a double ligature on
common bile duct and its further dissection with a scal-
pel. The animals of second experimental group were
fed with a mixture of maize flour, lard, cholesterol,
and alcohol plus subcutaneously injection with carbon
tetrachloride oil solution for 8 weeks. Determination
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REsumE

Indices de l'intoxication endogene chez des rats aux
différents types de syndrome hépato-pulmonaire

Lobjectif de I'étude. La pathogenése du syndrome
hépato-pulmonaire (SHP) n’a pas été clarifiée, mais
comme le développement du SHP est basé sur la dilata-
tion interne des capillaires pulmonaires, les recherches
suggerent que le SHP est causé par 'action prolongée
de composés biologiquement actifs sur les vaisseaux
sanguins du circuit pulmonaire et, un syndrome de
réponse inflammatoire systémique a également été im-
pliqué dans la pathogenése du SHP.

Lobjectif de cette étude était d’évaluer les indices d’in-
toxication endogene et d’inflammation dans le sérum
sanguin et le tissu pulmonaire d’animaux présentant
différents types de syndrome hépato-pulmonaire.
Méthodes. Le premier modele expérimental de
SHP a été réalisé en imposant une double ligature
sur le canal biliaire principal et en le disséquant a
l'aide d’un scalpel. Les animaux du deuxieme groupe

<1 Address for correspondence:

Mariya MARUSHCHAK

I. Horbachevsky Ternopil State Medical University, Ternopil, Ukraine
Address: Maidan Voli 1, Ternopil, Ukraine, 46001
E-mail: marushchak@tdmu.edu.ua



Archives of the Balkan Medical Union

of the middle mass molecules contents, TNF-o. and
CRP was carried out in blood serum and lung tissue.
Results. The modelling of HPS resulted in a statisti-
cally significant increase in endogenous intoxication,
manifested by an increase in the content of MMM
and inflammation indices in blood serum and super-
natant of lung tissue homogenate. An increasing of
middle mass molecules was more significant for a pool
of MMM,

Conclusions. Comparing the indices of endogenous
intoxication and inflammation in blood serum and
lung tissue in both models of hepatopulmonary syn-
drome, we have found the synchronous development
of destructive processes on systemic and local levels
with predominance in lungs.

Keywords: endogenous intoxication, rats, hepatopul-
monary syndrome.

Abbreviations: HPS - hepatopulmonary syndrome;
MMM - middle mass molecules; TNF-o. - tumor ne-
crosis factor-o; CRP - C-reactive protein.

INTRODUCTION

The hepatopulmonary syndrome (HPS) is an
important vascular complication because of systemic
hypoxemia in patients with cirrhosis and/or portal
hypertension. It is formed by a clinical triad of arte-
rial oxygenation abnormalities induced by intrapul-
monary vascular dilatations with liver disease'?. True
HPS is estimated to occur in at least 10% of all pa-
tients with cirrhosis and portal hypertension*. The
most frequent clinical symptoms of HPS are progres-
sive dyspnea and platypnea’, but neither is specific for
HPS. Digital clubbing, with a positive predictive val-
ue of 75%, was the best clinical sign associated with
the presence of HPS, while a correlation between the
presence of spider angiomas and HPS was also dem-
onstrated recently, suggesting that they could be used
as skin markers of HPS®7,

Cirrhotic patients with HPS have a significant-
ly increased mortality rate in comparison with cir
rhotic patients without HPS*. In a multicenter cohort
of cirrhotic patients, being evaluated for liver trans-
plantation at seven USA liver transplant centers, pa-
tients with HPS had a 2 to 2.4-times increased risk

expérimental ont recu un mélange de farine de mais,
de saindoux, de cholestérol et d’alcool, ainsi qu'une
injection sous-cutanée d’'une solution d’huile de té-
trachlorure de carbone pendant 8 semaines. La déter-
mination du contenu en molécules de masse moyenne,
du FNTa et de PCR a été effectuée dans le sérum
sanguin et les tissus pulmonaires.

Résultats. La modélisation du SHP a entrainé une
augmentation statistiquement significative de I’ intoxi-
cation endogéne, se traduisant par une augmentation
de la teneur en MMM et des indices d’inflammation
dans le sérum sanguin et le surnageant de I’homogénat
de tissu pulmonaire. Une augmentation des molécules
de masse moyenne était plus significative pour un pool
de MMM2.

Conclusions. En comparant les indices d’intoxication
endogeéne et d'inflammation dans le sérum sanguin et
le tissu pulmonaire dans les deux types de syndrome
hépato-pulmonaire, nous avons constaté le développe-
ment synchrone de processus destructeurs aux niveaux
systémique et local, avec une prédominance dans les
poumons.

Mots-clés: intoxication endogéne, les rats, syndrome
hépato-pulmonaire.

Abréviations: SHP - syndrome hépato-pulmonaire;
MMM - molécules de masse moyenne; FNT-a, - fac-
teur de nécrose tumorale o; PCR - protéine C-réactive.

of mortality compared with all other patients being
evaluated for transplantation®

The pathogenesis of HPS has not been clarified,
but since the basis of HPS pathogenesis is the dila-
tion of inner lung capillaries, researchers suggest that
HPS is caused by the prolonged action of biologically
active compounds on the blood vessels of pulmonary
circuit. Possible role in resistant vasodilation has
been suggested for many substances synthesized in
the body (nitrogen (II) oxide, endothelin B and en-
dothelin-1, prostaglandins E1 and 12, tumor necrosis
factor-a., vasoactive intestinal polypeptide, substance
P, calcitonin, glucagon, platelets activating factor, and
others)’.

Endogenous intoxication syndrome is charac-
terized by metabolic, morphological and functional
disorders of various organs and systems and occurs
in response to various factors of the external and in-
ternal environment, as a result of toxic substances
accumulation in tissues and biological fluids!®. The
endogenous intoxication syndrome concept is wide-
spread, as a process within the syndrome of a system-
ic inflammatory response!!. Concentration of middle
molecular products of proteolysis, which are called
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middle mass molecules (MMM), in biological liquids
is an important and objective indicator of toxicity
within the body systems, independent of the causes
and signs of the diseases, and is thought to primar-
ily reflect the extent of abnormal protein metabolism
and correlate with main clinical and laboratory prog-
nostic criteria for metabolic disorders'?.

THE OBJECTIVE OF THE STUDY was to evaluate the in-
dices of endogenous intoxication and inflammation
in blood serum and lung tissue of animals with differ-
ent models of hepatopulmonary syndrome.

MATERIAL AND METHODS

The experiments were performed on 56 white
nonlinear mature male rats, 180-220 g in weight,
housed at 25+3°C and humidity of 55+2%, under a
constant 12 h light and dark cycle. Water was avail-
able ad libitum.

All experiments were conducted in accordance
with the European Convention for the protection of
vertebrate animals used for experimental and other
scientific purposes®.

The experimental animals were divided into 4
groups: I - control group N 1 (n=12); II - experimen-
tal group N 1 (n=18); III - control group N 2 (n=12);
IV - experimental group N 2 (n=14).

The first experimental model of HPS was made
by imposition of double ligature on common bile
duct and its further dissection with a scalpel. In
the control group of animals N 1, common bile duct
was separated from the tissue, but not dissected. For
all surgical procedures, rats were anesthetized with
50 mg/kg ketamine hydrochloride and 10 mg/kg
xylazine, via intramuscular injection. Postoperative
wound was sewed up completely in layers. On the
28™ day post - surgery, the animals were taken out of
experiment under thiopental anesthesia.

The animals of second experimental group were
fed with a mixture of maize flour, lard, cholesterol,
and alcohol, plus subcutaneously injection with car-
bon tetrachloride (CCl4) oil solution for 8 weeks.
The CCl4 oil solution (400 g/L) was injected at 0.5
mL/100 g body weight at the first day of experiment
and at 0.3 mL/100 g body weight from the third day
on at an interval of two days until the experimental
end. Lard was used only in the first two weeks ac-
counting for 20% of the feeding. Cholesterol was ap-
pended at 0.5% of feeding for the whole experiment.
Alcohol was used in the drinking water exclusively
(300 mL/L) during the whole experiment®.

The control group of animals N 2 was on a
standard diet of the vivarium and was administered
intragastric the equivalent amount of olive oil. The
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main advantage of this model is its non-invasiveness
and multifactorial aspect, which makes it closer to
the real causes in patients.

During the simulation of the HPS 8 animals
died.

Determination of the middle mass molecules
contents was carried out according to the method-
ology of Andreychyn'®. An acid-soluble fraction was
isolated from the blood serum (supernatant of lung
tissue homogenate), which was obtained by adding
1.8 mL of the trichloroacetic acid 10% solution to 0.2
mL of biological liquid. The next centrifugation was
carried out at 3000 rpm for 30 min. 0.5 mL of the
isolated fraction was diluted with distilled water at a
ratio of 1:10 and determined the optical density at a
wavelength of 254 nm (the chain amino acids are de-
termined, MMM,) and 280 nm (the aromatic amino
acids are determined, MMMZ) vs distilled water on a
spectrophotometer SF-46. The results were expressed
in conventional units, which are numerically equal to
the extinction indices.

TNEF-a and CRP concentrations were measured
using commercially available ELISA kits.

All of the data were processed using the soft-
ware package Statistica 6.1 for Windows. Intergroup
comparisons were performed using Mann-Whitney-
Wilcoxon U test. The median (Me) and interquartile
range (IQR [Q25-Q75]) were deduced. Differences

with p-value < 0.05 were considered as significant.
ResuLts

In rats of the first experimental group (on the
28" day after the ligation of the common bile duct),
we recorded an increase in the blood serum content
of MMM, by 2.7 times (p<0.001) vs control group of
rats N 1 (Table 1). In rats of the second experimental
group (carbon tetrachloride-induced cirrhosis), the
blood serum MMM, content was increased by 2.2
times (p<0.001) vs control group of rats N 2. When
comparing this index in blood serum of animals of
both experimental groups, we determined that it pre-
dominates by 23.3% (p<0.001) in the rats on the 28"
day after ligation of the common bile duct.

An increasing of middle mass molecules was
more significant for a pool of MMM, indicating a
pronounced increase in aromatic amino acids in the
middle molecule composition. Thus, the content of
MMM, in the blood serum increased by 3.1 times
(p<0.001) in the rats of the first experimental group.
In the rats of the second experimental group, the
content of MMM, in the blood serum increased by
2.8 times (p<0.001). When comparing this index
in blood serum of animals of both experimental
groups, we determined that it predominates by 18%



Archives of the Balkan Medical Union

Table 1. The indices of endogenous intoxication syndrome in blood serum and lung tissue of rats with
hepatopulmonary syndrome, Me [Q25-Q75].

Control group N 1

Group of animals

Experimental group N

Control group N 2 Experimental group N 2

(n=12) 1 (n=12) (n=12) (n=12)
Blood serum
0.736
. 0.908 0.330
MMM, conventional 4 336 10 311,0.370] 10.84050.970) 10.293;0.365] 10.675:0.810]
units <0001 p,<0,001
P p,<0,001
0378 0.320
MMM, conventional 0.122 0 31’7.0 438] 0.114 [0.280;0.371]
units [0.100;0.149] ) <O’ dOl [0.876;0.143] p,<0,001
P p,<0,002
Supernatant of lung tissue homogenate
0.655 0.580
MMM, conventional 0.218 0 606~0 732 0.223 [0.517;0.657]
units [0.197;0.245] ' <O’Obl [0.198;0.265] p,<0,001
Py p,<0,001
MMM, conventional 0.630 (0 180(')2%12701 0.590 0'184p[2'53066$’2321
units [0.475;0.815] p,<0,001 [0.432;0.748] é7<0’01

Note:

p, - significant difference if compared to the control animals;

p, - significant difference between experimental animals.

(p<0.002) in the rats on the 28" day after ligation of
the common bile duct.

While investigating the MMM, content in a
lung tissue of the first experimental group rats, we
recorded a 3-fold increase in this index (p<0.001) if
compared to the control group of rats N 1. In the
rats of the second experimental group, the content
of MMM  in the lung tissue increased by 2.6 times
(p<0.001) vs control group of rats N 2. When compar-
ing this index in the lung tissue of animals of both
experimental groups, we determined that it predomi-
nates by 13% (p <0.001) in the rats on the 28" day
after the ligation of the common bile duct.

An increasing of middle mass molecule content
in the pulmonary tissue was also more significant
for the MMM, pool. Thus, the content of MMM, in
the lung tissue was increased by 3.5 times (p<0.001)
in the rats of the first experimental group. In the
rats of the second experimental group, the content
of MMM, in the lung tissue increased by 3.1 times
(p<0.001). When comparing this index in the blood
serum of both experimental groups animals, we de-
termined that its prevalence was 19.9% (p<0.01) in
the rats on the 28" day after ligation of the common
bile duct.

In rats after the ligation of the common bile
duct, we determined an increase in the blood serum
content of TNF-a by 7.3 times (p<0.001) vs control
group of rats N 1 (table 2). In rats with carbon tetra-
chloride-induced cirrhosis, the blood serum TNF-a
content was increased by 4.5 times (p<0.001) vs

control group of rats N 2. When comparing this in-
dex in blood serum of animals of both experimental
groups, we determined that it predominates by 42.5%
(p<0.01) in the rats after the ligation of the common
bile duct. In supernatant of lung tissue homogenate
we also observed a pronounced increase of TNF-a
content (by 9.6 (p<0.001) and 6.9 times (p<0.001) re-
spectively). In the similar manner, the concentration
of CRP was changed. When comparing this index
in blood serum of animals of both experimental
groups, we determined that it predominates by 36.6%
(p<0.002) in the rats after the ligation of the common
bile duct, but in lung tissue the changes were not sig-
nificant (p>0,05).

DiscussioN

The modelling of HPS resulted in a statistical-
ly significant increase in endogenous intoxication,
manifested by an increase in the content of MSM in
blood serum and supernatant of lung tissue homoge-
nate. This clearly points to an increase in destruc-
tive processes, as well as inhibition of the detoxifying
function of the body, causing disruption in neutrali-
zation of endogenous toxins and, consequently, accu-
mulation of intermediate metabolic products. In the
case of liver cirrhosis, excess of bacterial endotoxins
enters the systemic circulation as a result of increased
permeability of the intestinal wall.

Comparing the severity of endogenous intoxica-
tion in the blood serum and lung tissue of the rats with
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Table 2. The indices of inflammation severity in blood serum and lung tissue of rats with hepatopulmonary
syndrome, Me [Q25-Q75].

Control group N 1

Group of animals

Experimental group N

Control group N 2 Experimental group N 2

(n=12) 1 (n=12) (n=12) (n=12)
Blood serum
011 2745
5.35 : 6.15 (18.68;36.28]
TNF-a, pg/mL 2.11,9.55] [Zi'i%’%%?% (3.71;10.09] p<0,001
Y <0,01
p7 y
153 112
0.30 S 0.28 (1.01;1.32]
CRP, mg/L [0.24;0.35] [L"L%’lo’gf] 0.21,0.32] p<0,001
= p,<0,002
Supernatant of lung tissue homogenate
14.07
23.29
242 . 2.03 8.7619.32]
TNF-0., pg/mlL [1.90;4.50] [112%302581 [1.12;2.80] $,<0,001
i~ p,<0,01
1.22
1.26
0.18 . 0.21 (1.11;1.44]
CRP, mg/L [0.13;0.23] [1.11;1.44] (0.14;0.25] p,<0,001
p,<0,001 50,05
Note:

p, - significant difference if compared to the control animals;

p, - significant difference between experimental animals.

modeled hepatopulmonary syndrome, we observed a
pronounced increase of MMM in the lung tissue.
Several authors examined a significant role of
intestinal endotoxemia and bacterial translocation in
the pathogenesis of HPS'"8, Liver damage makes it
more difficult for the organ to filter blood from the
portal vein, which leads to the appearance of portosys-
temic shunts and a decrease in the hepatic phagocytic
capacity. As a result, the lung filtrates systemic blood
to compensate for the decrease in hepatic phagocyto-
sis, and the increase in the lung phagocytic activity re-
sults in macrophage accumulation in the pulmonary
endothelium and increases cytokine and NO levels
in the extracellular environment”. Phagocytes also
produce the superoxide anion radical, which oxides
the plasmatic membrane and produces a substantial
amount of reactive oxygen species (ROS)**?!, These
molecules control many physiological functions in-
cluding vascular tonus regulation. Tieppo et al as-
sessed the lipoperoxidation of pulmonary tissue fol-
lowing the experimental model of common bile duct
ligation; using the techniques of thiobarbituric acid
reactive substances and chemiluminescence, the au-
thors identified a significant increase in the lipid per-
oxidation, which may be explained by the action of
phagocytic cells when fighting against the process of
bacterial translocation??. Vallance and Moncada sug-
gested that endotoxemia in liver cirrhosis is caused ei-
ther directly by the movement of bacteria through the
intestinal mucosa or indirectly through the cytokine

42 / vol.54,n0.1

cascade stimulates vascular endothelial iNOS, which
increases the production of NO?,

There is evidence that in patients with liver cir-
rhosis the level of tumor necrosis factor-o. increases,
playing an important role in the accumulation of
macrophages in the lumen of the pulmonary ves-
sels. In turn, these macrophages stimulate another
NO-producing enzyme, inducible NO-synthase, thus
likely causing pulmonary vasodilation®*. However,
other studies have found that while the level of cir-
culating TNF-a, was significantly increased in thio-
acetamide-induced liver cirrhosis, the accumulation
of macrophages in the lumen of pulmonary vessels
was minimal and HPS did not develop®. Studies sug-
gest that neutralization of tumor necrosis factor-o
improves the course of experimental HPS?*. Zhang
et al showed a significant increase of endotoxin and
TNF-a levels in plasma and increased number of
Gram-negative microorganism colonies in rats with
HPS, which suggests that intestinal endotoxemia is
indeed implicated in the pathogenesis of experimen-
tal HPS?”. TNF-a plays a role in the damage of the
intestinal barrier that results in intestinal endotox-
emia and bacteremia. Subsequently, intestinal endo-
toxemia can cause intrapulmonary vasodilation and
hypoxia. Hypoxemia can exacerbate intestinal barrier
damage due to the release of a number of cytokines
(including TNF-at). Thus, a ,vicious circle develops
in which hypoxemia and impaired barrier function of
the intestinal mucosa intensify each other?"?,
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Plasma CRP is an acute-phase protein and in-
creases markedly with acute invasive infections. Several
studies were performed on the association of CRP
with the severity of inflammation in liver disease, such
as fatty liver, chronic hepatitis C and liver cirrhosis®?.
El-Awady et al suggested that CRP is a reliable test of
bacterial translocation, and it is a predictor of vascular
breach and severity of bacterial translocation®.

THE LIMITS OF THE STUDY were the small rat popula-
tion included in the study. It is therefore essential to
validate our findings with greater sample sizes to de-
termine the features of endogenous intoxication syn-
drome. Second, the present study investigated only
2 experimental hepatopulmonary syndrome models,
which don’t reflect all real causes in patients.

CONCLUSIONS

We showed increased endogenous intoxication,
manifested as an upsurge in the content of MSM and
inflammatory indices in blood serum and lung tissue,
in rats with different models of hepatopulmonary
syndrome. Herewith more pronounced intensifica-
tion of endogenous intoxication was observed in rats
on the 28" day after the common bile duct ligation.
Comparing the indices of endogenous intoxication
and inflammation in blood serum and lung tissue in
both models of hepatopulmonary syndrome, we have
found the synchronous development of destructive
processes on systemic and local levels with predomi-
nance in lungs.

Compliance with Ethics Requirements:

»The authors declare no conflict of interest regarding
this article®

»The authors declare that all the procedures and ex-
periments of this study respect the ethical standards in the
Helsinki Declaration of 1975, as revised in 2008(5), as
well as the national law. Informed consent was obtained
from all the patients included in the study“

LAll institutional and national guidelines for the care
and use of laboratory animals were followed“

»No funding for this study“

REFERENCES

1. Nacif LS, Andraus W, Pinheiro RS, Ducatti L, Haddad
LB, D’Albuquerque LC. The hepatopulmonary syndrome.
Brazilian Archives of Digestive Surgery 2014;27(2):145-147.

2. Krynytska I, Marushchak M. The indices of nitrogen (II)
oxide system in case of experimental hepatopulmonary syn-

drome. The Ukrainian Biochemical Journal 2018;90(5):91-97.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Abrahamovych O, Abrahamovych M, Tolopko S, Ferko M.
Character and frequency of the variations of co- and poly-
morbid syntropic extrahepatic lesions and their dependence
on the hepatopulmonary syndrome severity degree in cir-
rhotic patients. Georgian Medical News 2016;11(260):34-41.
Goldberg DS, Fallon MB. The art and science of diagnosing
and treating lung and heart disease secondary to liver dis-
ease. Clinical Gastroenterology and Hepatology 2015;13:2118-
2127.

Krynytska I, Marushchak M, Mikolenko A, et al. Differential
diagnosis of hepatopulmonary syndrome (HPS): portopul-
monary hypertension (PPH) and hereditary hemorrhagic tel-
angiectasia (HHT). Bosnian Journal of Basic Medical Sciences
2017;17(4): 276-85.

Soulaidopoulosa S, Goulisa I, Giannakoulasb G, et al.
Hepatopulmonary syndrome is associated with the presence
of hepatocellular carcinoma in patients with decompensated
cirrhosis. Annals of Gastroenterology 2017;30:225-231.
Silvério AO, Guimaries DC, Elias LF, Milanez EO, Naves S.
Are the spider angiomas skin markers of hepatopulmonary
syndrome? Arq Gastroenterol 2013;50:175-179.

Fallon MB, Krowka M], Brown RS, et al. Impact of
hepatopulmonary syndrome on quality of life and survival in
liver transplant candidates. Gastroenterology 2008;135:1168-
1175.

Krynytska I, Marushchak M, Odnorih L, Martianova O.
Hepatopulmonary syndrome: proposed mediators of pulmo-
nary vasodilation. Arch Balk Med Union 2018;53(3):419-426.
Koryakina YeV, Belova SV. Molecules of medium mass as an
integral measure of metabolic disorders (literature review).
Clin Lab Diagn 2004;2:3-8.

Bone RS. Sepsis, sepsis syndrome and the systemic inflam-
matory response syndrome (SIRS). JAMA 1995;2 (273):155-
156.

Kopytova TV, Dmitriyeva ON, Khimkina LN, Panteleyeva
GA. Oxidative modification of proteins and oligo-
peptides in patients with chronic dermatoses with the
syndrome of endogenous intoxication. Fundamental
Investigations 2009;6:25-29.

European convention for the protection of vertebrate ani-
mals used for experimental and other scientific purposes.
Council of Europe Strasbourg 1986;123:52.

Fallon MB, Abrams GA, McGrath JW. Common bile
duct ligation in the rat: a model of intrapulmonary va-
sodilatation and hepatopulmonary syndrome. Am J Physiol
1997;272:179-184.

Zhang HY, Han DW, Zhao ZF, Liu MS, Wu Y], Chen
XM. Multiple pathogenic factor-induced complications of
cirrhosis in rats: A new model of hepatopulmonary syn-
drome with intestinal endotoxemia. World J Gastroenterology
2007;13(25):3500-3507.

Andreichin MA, Bech MD, Demyanenko VV. Methods of
investigation of endogenous intoxication of an organism.
Methodical recommendations. Kyiv 1998:10-13.

Seo YS, Shah VH. The role of gutliver axis in the patho-
genesis of liver cirrhosis and portal hypertension. Clin Mol
Hepatol 2012;18(4):337-346.

Zhang HY, Han DW, Su AR, et al. Intestinal endotoxemia
plays a central role in development of hepatopulmonary syn-
drome in a cirrhotic rat model induced by multiple patho-
genic factors. World J Gastroenterol 2007;13(47):6385-6395.
Dal Bosco A, Schedler FB, Colares JR, Dias AS, Marroni
NP. Hepatopulmonary syndrome: oxidative stress and physi-

cal exercise. EMJ 2017;2(4):69-75.

March 2019 / 43



The indices of endogenous intoxication in rats with different models of hepatopulmonary... - KRYNYTSKA et al

20.

21.

22.

23.

24.

25.

Demikhova N, Sukhonos V, Vynnychenko L, Psareva
V, Prikhodko O. Activation of lipid peroxidation in
patients with renal hypertension. Georgian Med News
2013;21(5):51-55.

Marushchak M, Krynytska I, Petrenko N, Klishch 1. The
determination of correlation linkages between level of re-
active oxygen species, contents of neutrophiles and blood
gas composition in experimental acute lung injury Georgian
Medical News 2016;25(3):98-103.

Tieppo J. Common bile duct ligation as a model of
hepatopulmonary syndrome and oxidative stress. Arq
Gastroenterol 2005;42(4):244-248.

Vallance P, Moncada S. Hypothesis: induction of nitric ox-
ide synthase in the vasculature underlies the hyperdynamic
circulation of cirrhosis. Lancet 1991;337:776-778.

Fallon MB. Mechanisms of pulmonary vascular complica-
tions of liver disease: hepatopulmonary syndrome. Journal
of Clinical Gastroenterology 2005;39(4):S138-142.

Luo B, Liu L, Tang L, Zhang ], Ling Y, Fallon MB. Et1 and
TNF-alpha in HPS: analysis in prehepatic portal hyperten-
sion and biliary and nonbiliary cirrhosis in rats. Am J Physiol

Gastrointest Liver Physiol 2004;286(2): G294-G303.

44 / vol.54,n0.1

26.

21.

28.

29.

30.

31.

32

Liu L, Liu N, Zhao Z, et al. TNF-a neutralization improves
experimental hepatopulmonary syndrome in rats. Liver
International 2012;32(6):1018-1026.

Zhang HY, Han DW, Su AR, et al. Intestinal endotoxemia
plays a central role in development of hepatopulmonary syn-
drome in a cirrhotic rat model induced by multiple patho-
genic factors. World J Gastroenterol 2007;13(47):6385-6395.
Draghici T, Negreanu L, Bratu OG, et al. Liver abnor
malities in patients with heart failure. Arch Balk Med Union
2018;53(1):76-81.

Zhu S, Waili Y, Qi XT, Chen Y, Lou Y. Serum C-reactive
protein predicts early mortality in hospitalized patients with
HBV-related decompensated cirrhosis. Medicine 2017;96:4.
Bo C, Ma LN, Liu XY, Luo X, et al. Serum high-sensitivity
C-reactive protein are associated with HBV replication, liver
damage and fibrosis in patients with chronic hepatitis B.
Hepatogastroenterology 2015;62:368-372.

Pieria G, Agarwalb B, Burroughs AK. C-reactive protein
and bacterial infection in cirrhosis. Annals of Gastroenterology
2014;27:113-120.

El-Awady SI, El-Nagar M, El-Dakar M, Ragab M, Elnady G.
Bacterial translocation in an experimental intestinal ob-
struction model. C-reactive protein reliability? Acta Cir Bras

2009;24:98-106.



