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The effects of flavanoid on the treatment of hepatopulmonary

syndrome

Talha Atalay, Murat Cakir, Ahmet Tekin, Tevfik Kucukkartallar, Suleyman Kargin, Adil Kartal, Adnan Kaynak
Department of General Surgery, Necmettin Erbakan University, Meram Medical Faculty, Konya, Turkey

Purpose: Hepatopulmonary syndrome is an arterial oxygenation disorder brought
about by advanced liver failure and pulmonary vascular dilatations. The reason why
hypoxia develops in hepatopulmonary syndrome depends on the broadening of
perialveolar capillary veins. Our study aims to investigate the effects of Flavanoid on
hepatopulmonary syndrome through its inhibition of nitric oxide.

Methods: Three groups, each having 8 rats, were formed within the scope of our
study. Group I (the control group) only received laparatomy, group I received
choledoch ligation, and group III was administered Flavanoid (90% flavonoid
diosmin, 10% flavonoid hesperidin) following choledoch ligation. The rats were
administered Flavanoid at week two following choledoch ligation. The rats’ livers
and lungs were examined histopathologically following a five-week follow—up and
the perialveolar vein diameters were measured. Arterial blood gases and biochemical
parameters were evaluated.

Results: It was seen that fibrosis and oxidative damage in the liver with obstructive
jaundice as well as hypoxia with pulmonary perialveolar vein sizes were significantly
lower than the other group with cirrhosis formed through the administration of
Flavanoid.

Conclusion: We have concluded that Flavanoid administration might be useful in the
treatment of hypoxia in hepatopulmonary syndrome and the delay of cirrhosis
contraction.

INTRODUCTION

The clinical interactions between the liver and the lungs were first put forward
by Flukiger [1] in 1884. Kennedy and Knudson defined hepatopulmonary syndrome
(HPS) for the first time in 1977 [2] while it was Krowka and Cortese [3] who
determined the diagnosis criteria for HPS.

All the systems in the organism are affected to a certain degree in patients with
chronic liver diseases. The lungs are among the most affected organs by the systemic
effect brought about by liver failure. HPS is characterized by arterial oxygenation
disorder seen with advanced liver failure and pulmonary vascular dilatations [4-6].
The literature states that HPS incidence varies between 12% and 47% [7,8]. The
oxygenation problem seen in a significant number of cirrhosis patients is caused
by HPS. Fifteen percent of patients with chronic liver failure had PO, <70 mmHg.
Oxygenation is interrupted by the elevation in alveolar-arterial oxygen gradient,
which develops following enlargements in pulmonary microcirculation [6,9]. The
relationship between the level of liver disease and HPS is still not clear. Although
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most of the patients have portal hypertension, HPS may
develop without the existence of portal hypertension [4,10,11].
The formation mechanism of the syndrome with liver failure,
intrapulmonary vascular dilatation, and arterial oxygenation
disorder is yet to be known but some theories have been
put forward. Studies up to date have reported that arterial
oxygenation is disrupted because of intrapulmonary vascular
dilatations, pulmonary ateriovenous shunts, low vascular
resistance, and increased systemic circulation caused by
chronic liver failure.

The reason intrapulmonary vascular dilatation takes place
has been the subject of intensive research and many reasons
have been investigated within this framework. Experimental
studies have focused on endothelium derived nitric oxide
and endotelin—1. Some other agents other than these have
also been claimed to be responsible but it has been agreed
that vascular dilatations were brought about by the common
effect of many factors. We, in our study, have aimed to
experimentally investigate the effectiveness of Flavanoid,
which has a nitric oxide (NO) inhibiting effect, on HPS
treatment.

METHODS

The study was conducted with the consent of Ethics at the
Experimental Animal Research Center (April 6, 2010/35).

Twenty—four adult male/female Sprague Dawley rats were
divided into 3 groups of 8 rats for the experiments. The rats
were anesthetized by intramuscular injection of Ketamine
Hydrochloride (2 mg/kg, 10 mg/mL). Only laparatomy was
performed on group I (the control group). Ductus choledochus
of the rats in group II was dissected, tied with 4/0 silk
twice, and cut. Ductus choledochus of the rats in group III
was dissected, tied with 4/0 silk twice, and cut between the
sutures, and after two weeks Flavanoid (Daflon 500 mg; Les
Laboratoires Servier SAS, Neuilly Sur Seine, France) (100 mg/
kg) was administered twice daily through a feeding tube. All

Table 1. Biochemical values of experimental animals in groups

Parameter Group | Group Il Group Ill P-value
T. Bil (umol/) ~ 0.30 + 0.09 7.50 + 0.39 7.30 £ 0.31  <0.05
D. Bil (umol/L}  0.15 + 0.08 5.90 + 0.46 6.10 + 0.18  <0.05
AST (IU/L) 117.30 + 9.00 477.50 + 20.33 323.80 + 77.37 <0.05
ALT (IU/L) 46.00 + 18.51 114.70 =+ 8.09 100.30 + 19.98 <0.05
ALP(IU/L) 87.00 + 15.58 569.50 + 32.72 513.00 + 43.67 <0.05

Values are presented as mean + standard deviation.
T. Bil, total bilirubin; D. Bil, direct bilirubin; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; ALP, alkaline phosphatase.

thesurgery.or.kr

JKSS

the rats were fed with standard rat feed. Experimental animals
were checked every 12 hours. At the end of week five, all the
rats were sacrificed by high dose of Ketamine Hydrochloride
anesthesia intramuscularly.

Biochemical evaluation
Five milliliters of blood was drawn from the heart for

biochemical parameters while 1 mL of blood was drawn
from the aorta abdominalis for blood gas evaluations through
an injector with heparin. Total bilirubin, direct bilirubin,
aspartate aminotransferase (AST), alanin aminotransferase
(ALT), and alkaline phosphatase (ALP) values were measured
by Olympus/AU 5200 (Konsesyum, Alternative Biomedical
Services, Dallas, TX, USA). Blood gas analyses were per-
formed by GEM Premier Plus (Instrumentation Laboratory,
Lexington, MA, USA) analyzer.

Pathological evaluation
The dissected tissue was fixed in 10% formaldehyde solution

for the histopathological analysis of liver and lung tissues.
The dissected sections were processed in an Autotechnicon
device and they were stained with hematoxylin—eosine. The
evaluation was carried out by a light microscope (X100). The
pathologist who performed the evaluation was blind to the
group information.

Cirrhosis contraction was determined by the observation
of pleomorphism, atypical mitosis, periductal proliferation,
and fibrosis in rat livers. The pathological findings were
classified as follows: absent, 0; minimal, 1; moderate, 2;
severe, 3. Intergroup pathological findings were compared.
Pulmonary findings—inflammatory cell infiltration, bronchial
wall damage, perialveolar capillary vein enlargement—
were compared among the groups. Perialveolar capillary
vein diameters were measured by an occulometer by the
pathologist. Veins from 6 different lung sections were selected
and measured for each rat.

Statistical analysis
The data collected from the experimental animals were

summarized in the form of mean + standard deviation (SD).
The Kruskal-Wallis one-way analysis of variance test, which

Table 2. Blood gas values of experimental animals in groups

Blood gas value Group | Group Il Group Il P-value
PO, (mmHg) ~ 95.00 + 1.20 67.70 £ 2.33  72.30 + 2.34  <0.05
Ph 730 £ 0.02 730 +003 730+002 >0056
Sa0, (%) 96.00 £ 1.70 67.70 + 2.33 93.70 + 2.34  <0.05

Values are presented as mean + standard deviation.



is a nonparametric test, was used for the statistical analysis.
Following that the Mann-Whitney U Test was used with
post hoc Bonferroni adjustment. P < 0.05 was set to be the
significance level.

RESULTS

No rats were lost during the study. Decrease in daily
nutrition and water consumption, weight loss and slowdown in
movement were observed in groups II and III.

Biochemical results
Total bilirubin, direct bilirubin, AST, ALT, and ALP values

of groups II and III, which developed cirrhosis by choledoch
binding, were significantly higher than group I (P < 0.05). It
was seen that biochemical parameters were better in rats that
were administered Flavanoid in the choledoch ligation groups
(P <0.05) (Table 1).

When the cirrhotic rats were compared to the control group,
the PO, value was found to be significantly lower (P < 0.05)
(Table 2). When the Flavanoid group was compared to group
II it was seen that the PO, value was significantly better (P <
0.05).

It was observed that the measured oxygen saturation level
in cirrhotic groups was significantly worse than the control
group. When the Flavanoid group was compared with group
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11, we saw that O, saturation value was better. It was also seen
that the pH values of the rats in all groups were similar.

The biochemical parameters and blood gas values collected
for our study are demonstrated in Table 1 and Table 2 in the
form of mean £ SD.

Histopathological evaluation
Normal liver and lung tissues were seen in the control group

(Fig. 1A, D). In the cirrhotic groups II and III, there were
neutrophile and mononuclear inflammatory cells (chronic
active hepatitis) infiltrated into the parenchyma in the liver
around the vena centralis and at periportal distances. Porto-
portal, porto—central fibrotic bands and cirrhotic nodules
were seen (Fig. 1B, C). The perialveolar vein lumens were
enlarged and congested in comparison to the control group.
Partial damage, neutrophile and mononuclear inflammatory
cell infiltration in the pulmonary bronchial walls: fibrin
accumulation, thickening and break up on alveolar walls;
distinctive congestion and edema in the veins and distinctive
dilatation in vein sizes were observed. There were fibrin
accumulations and partial thickening in the interstitial field
and the capillary walls (Fig. 1E, F).

Significantly less parenchymal damage was seen in the
Flavanoid (group III) administered rats in comparison to the
nonadministered cirrhotic group (group II) (Tables 3, 4). All
the histopathological data are summarized in Tables 3 and 4.

Fig. 1. (A} Normal parenchymal liver tissue of the rats in control group. (B] Secondary biliary cirrhosis findings developed following choledoch ligation. (C) Wide biliary
canaliculi, bridging necrosis at periportal distance and around vena centralis, fibrosis and mononuclear cell infiltration in liver parenchymal tissue of rats in group Ill. (D)
Normal pulmonary tissue of rats in control group. (E) Increase in enlarged perialveolar vein diameter following choledoch ligation in rats of group Il. (F) Pulmonary tissue of
rats in group Ill. Increase in perialveolar vein diameter, perialveolar damage, neutrophile and mononuclear cell infiltration findings (H&E, x 100).
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Table 3. Histopathological changes seen in liver tissue
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Table 4. Perialveolar vein diameter measurements in pulmonary tissue

Histopathological Group | Group Il Group Il

changes -8 =8 -8 @ vaue
Pleomorphism 010) 21(2-2) 2(2-3) <0.05
Atypical mitosis 0(0) 3(2-3) 0(0-1) <0.05
Periductal proliferation 0(0) 31(2-3) 21(2-2) <0.05
Cirrhotic scoring 0(0) 31(2-3) 21(2-3) <0.05

Values are presented as median (range).

It was agreed that the cirrhosis contraction was complete
following the evaluation of pleomorphism, atypical mitosis,
and periductal proliferation findings in groups II and III. The
experimental animals that received choledoch ligation had
worse results regarding biochemical and blood gas values
and histopathological evaluation results in comparison to the
control group (P < 0.05) (Tables 1-3). Group III had better
results than group II concerning biochemical, blood gas,
and histopathological values (P < 0.05). All the experimental
groups had similar pH values.

All the rats with formed obstruction icterus showed increase
in the perialveolar vein diameters in the histopathological
evaluation of the lungs. This value was statistically significant
when compared to the control group (P < 0.05). This increase
was the highest in group II and there was a significant
difference when compared to group III (P < 0.05). While
there was no fibrosis in group I, it was seen that it increased
distinctively in groups II and III.

DISCUSSION

HPS is defined as an arterial oxygenation defect caused by
intrapulmonary vascular dilatations related to liver disease
[4,5]. The vascular component covers typically diffuse or
localized dilated pulmonary capillaries and to a lesser extent
pleural and pulmonary arteriovenous links. As a result, HPS
includes a clinical triad composed of arterial deoxygenation,
intrapulmonary vascular dilatation, and liver malfunction [5].
Although portal hypertension is present in most HPS cases,
HPS may be contracted without portal hypertension formation
[4]. The fact that HPS did not develop in rats that had only
portal hypertension suggests that enlargements in pulmonary
veins develop based on the direct and indirect effects of liver
failure not based on direct pressure interactivity.

In our study we used a cirrhosis model achieved by the
tying of the choledoch duct in rats in order to experimentally
investigate the effectiveness of Flavanoid in decreasing
intrapulmonary vascular dilatations in HPS and in HPS
treatment. This model is compatible with HPS in humans [6,7].
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Sectioned Perialveolar vein diameter (um|
pulmonary area Group | Group Il Group Il P-value
Area 1 16.83 £ 8.61 235.00 + 71.68 187.33 + 36.23 <0.05
Area 2 16.50 + 120 212.33 + 33.17 131.33 = 47.61 <0.05
Area 3 2133990 246.67 = 37.44 15400 + 31.79  <0.05
Area 4 19.33 £ 12.73 234.67 = 61.75 160.67 + 47.71 <0.05
Area b 16.50 + 9.91  267.83 = 74.27 135.00 + 36.63 <0.05
Area 6 25.67 £ 10.48 251.83 + 72.92 200.33 + 4552 <0.05

Values are presented as mean + SD.

We observed secondary biliary cirrhosis findings in the liver
and perialveolar capillary dilatations in the lung at the end of
week 5 in rats with bound choledochs. We demonstrated HPS
and cirrhosis in these groups of rats in histopathological and
biochemical regards.

Perialveolar dilatations in HPS are the main causes of
hypoxemia. Enlargements in the veins move the erythrocytes
found in the middle of the flow from the endothelia and
this, in turn, causes oxygenation failure at different levels [8].
The hyperdynamic condition developing at the final stage
liver failure makes the binding of oxygen with hemoglobin
in the high-speed blood flow hard [9,10]. The results of our
study revealed that there was a significant enlargement in the
perialveolar vein diameters and hypoxia in blood gas values
in cirrhotic rats in comparison to the control group (P < 0.05).
We also saw that this change was significantly better in the
Flavanoid administered group in contrast to the group with
choledoch ligation, which did not receive Flavanoid (P < 0.05).

The mechanism of pulmonary capillary dilatation in
HPS is not exactly known. It is possible that vasodilator
agents like platelet activating factor and nitric oxide, atrial
natriuretic peptide, and prostacycline are responsible for this
condition [6,11]. NO is an important mediator responsible for
hyperdynamic circulation in serious liver failure. Animal and
human studies have reported that NO production increased in
the lungs in cirrhotic patients and that this was an important
vasodilator [12,13]. Further, an ample number of studies have
shown that NO inhibition would bring about an active benefit
in HPS treatment. We used Flavanoid in HPS treatment
departing from the fact that it inhibits NO.

Intrapulmonary vascular dilatations in cirrhotic rats
through choledoch ligation have been reported with high
NO amounts found in the pulmonary homogenates of these
rats [13,14]. In the same way, experimental cirrhotic animals
achieved through the binding of the main biliary duct have
shown increased levels of endotelin-1 (ET-1) in circulation



excreted from the biliary epithelia [14]. In direct proportion
to this increase, there were also elevations in pulmonary
endothelial NO levels and intrapulmonary vascular dilatations.
An increase was also seen in ET-1 secretion from the biliary
epithelial cells and the related ET-1 levels in human cirrhoses
[15]. In HPS, with the secretion of ET-1, which is normally
known as a vasoconstructive agent, into the vein lumen,
endothelial nitric oxide synthesis is activated and NO levels
are elevated. This effect is caused by the ET-1 receptor
interactivity in the endothelium. This condition is called
endocrine vasodilation and it is only seen in HPS through the
systemic effect of ET-1 [6,11,16].

Recent studies suggest that the prevention of oxidative stress
may play an important role in the prevention of cholestatic
liver damage and the related secondary pathologies. In a study
by Kawada et al. [17] concerning the effects of antioxidants
on biliary duct obstructions, the authors investigated the
effects of antioxidant agents on rat hepatic stellate cell and
Kupffer cell functions in a cell culture environment. The
regulating functions of both cells are also held responsible
for liver damage. As it is seen in the literature, the prevention
of oxidative damage in obstruction icterus by antioxidants
prevents hepatic damage formation and exerts a cytoprotective
effect on the tissue. An ample number of studies in the
literature have reported that Flavanoid, which we used in our
study, has cytoprotective, antioxidant, and anti-inflammatory
effects [18,19]. There is, however, no study that investigates
the effects of Flavanoid on HPS and cirrhosis related to
cholestatic jaundice. Flavanoid has an antioxidant effect by
neutralizing reactive oxygen metabolites and reactive nitrogen
metabolites. Besides its antioxidant effect, it becomes effective
by inhibiting the activities of inflammatory enzymes and
increasing intracellular glutathione synthesis. We determined
the positive effects of Flavanoid on liver cirrhosis in rats with
formed obstruction icterus through the results of biochemical
parameters and histopathological findings. We observed that
Flavanoid decreased wide biliary canaliculi, bridging necroses
at the periportal distance and around vena centralis, fibroses,
and mononuclear cell infiltrations in cirrhotic rats’ liver
parencyhmal tissues (P < 0.05). This study is the first study
that demonstrates the positive effects of Flavanoid on the
obstruction icterus and HPS.

In conclusion, the results of our experimental study show
that Flavanoid administration significantly decreases fibrosis
and oxidative damage in the liver in obstructive jaundice
alongside perialveolar vein diameters in the lungs. More
comprehensive comparative experimental and clinical studies
need to be conducted, however, in order to use Flavanoid
clinically in HPS treatment.
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