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The strategic location of the liver and its metabolic activitymake it a key organ regulating homeostasis. Our purpose was to examine
its participation in removal of cytokines: interleukin-6 (Il-6), tumor necrosis factor-alpha (TNF-𝛼), hepatocyte growth factor
(HGF), and transforming growth factor-beta (TGF-𝛽) from the portal circulation in human. 20 liver donors and 20 patients with
end-stage liver failure were included in the study. Their blood was collected during liver transplantation from the portal, hepatic,
and peripheral vein, and the hepatic artery and cytokines’ concentrations were determined. Using the results the mathematical
model of cytokine elimination by the liver was developed. In donors significantly lower levels of IL-6, TNF-𝛼, HGF, and TGF-𝛽
were detected in portal blood compared to hepatic vein. In patients with cirrhosis there were no significant differences of IL-6,
TNF-𝛼, and TGF-𝛽 levels between portal and hepatic veins. Significantly higher level of HGF in hepatic compared to portal vein
was observed. In healthy liver elimination of the cytokines prevailed over their synthesis, as reflected by the positive values of the
elimination ratios. In the cirrhotic liver elimination ratios of Il-6, HGF, and TGF-𝛽 were negative indicating the prevalence of
intrahepatic synthesis of cytokines over their removal.

1. Introduction

The liver has the unique vasculature involving hepatic artery
and vein as well as portal vein. Its strategic location between
the digestive system and systemic circulation, as well as
the unique metabolic activity in terms of the processes
of degradation and synthesis, makes the liver a key organ
involved in maintaining homeostasis. Approximately 70% of
blood flows into the liver by the portal vein collecting blood
from splenic and superior mesenteric vein. The remaining
30% of the blood supply comes from hepatic artery being one
of three branches of the celiac trunk. The blood of the portal
vein draining the gastrointestinal tract and its rich lymphoid
tissue called gut associated lymphoid tissue (GALT) carries

significant amounts of various substances consisting of tox-
ins, external antigens, inflammatory mediators, cytokines,
and growth factors. Being responsible for providing the first
line of defense against the variety of antigens and substances
the liver has created its own system of immune response that
is both independent and integrated into the immunologic
system of the human body. In the course of liver cirrhosis and
failure, many pathological phenomena take place, including
abnormalities of the gut microflora and intestinal barrier,
GALT activation, and endotoxemia. It results in an increase
of blood concentrations of proinflammatory molecules such
as interleukin-6 (Il-6) and tumor necrosis factor-alpha (TNF-
𝛼) [1]. It seems that abnormalities affect not only the synthesis
of inflammatory mediators by the liver, but also its response
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to the cytokines and growth factors supplied with the blood
[2–4]. The biological effects of those substances depend
largely on their concentrations reached locally in the site
of action. Therefore, not only the system regulating their
production is important, but also organs which contribute to
their elimination.

The purpose of the studywas to examine the participation
of liver in removing growth factors and proinflammatory
cytokines from the portal circulation in human. It was
achieved by analyzing changes of the concentrations of
selected cytokines and growth factors (TNF-𝛼, IL-6, HGF,
and TGF-𝛽) in the blood from portal vein, hepatic artery
and vein, and peripheral vein. We analyzed separately two
subgroups of subjects according to their liver function: with
healthy liver (liver donors) and with liver insufficiency (liver
graft recipients). On the basis of our results we elaborated a
mathematical model of the hepatic elimination of cytokines
and proinflammatory factors.

2. Materials and Methods

The study included 20 liver transplant recipients with liver
cirrhosis (LC) and 20 deceased liver donors with no liver
cirrhosis (NLC) of both sexes. LC patients have liver cirrhosis
(Child-Pugh class B and C), negative neoplasm medical
history, and glucocorticosteroid treatment. NLC subgroup
consisted of patients hemodynamically stable with a negative
medical history for liver diseases, chronic inflammatory dis-
eases, neoplasms, diabetes mellitus, connective tissue diseas-
es, and amyloidosis andwith negative serology forHCV,HBV,
and HIV infection. Liver function and injury parameters in
this group were in the normal range (Table 1). In accordance
with guidelines of national Center for Organization and
Coordination of Transplantation potential donors of liver
transplant are carefully evaluated for good liver function and
absence of liver disease before procurement and transplanta-
tion procedure can proceed.

The demographic and clinical data are presented in
Table 1. The study protocol was approved by Bioethical
Committee of the Medical University of Warsaw and all
study procedures were performed in accordance with the
ethical standards of the Declaration of Helsinki and its later
amendments. Before any study procedure all liver cirrhosis
patients gave their informed consent. It was not possible to
obtain informed consent from the deceased donor group.

Blood samples from portal vein, hepatic vein, peripheral
vein, and hepatic artery were withdrawn at the beginning of
liver procurement surgery from liver donors and during liver
transplantation procedure from liver graft recipients at the
time of liver explantation into EDTA tubes. Blood samples
from each subject were collected simultaneously over 10–20
minutes. Samples were immediately placed on ice and cen-
trifuged at 2000 g for 10 minutes and then plasma was frozen
and stored at −70∘C until further analyzes which were per-
formed within three months after collection. The sandwich
ELISA (enzyme-linked immunosorbent assay) method using
commercially available tests (Quantikine ELISA Kit, R&D
Systems, Minneapolis, USA) was applied. The absorbance
measurements were performed with a use of the photometer

for microplates Elx 800 by Bio-Tek Instruments (USA). The
absorbance values were read for the wavelength of 𝜆 =
450 nmwithΛ correction 540 or 570 nm.The absorbancewas
converted into concentration units based upon a standard
curve.

The Kolmogorov-Smirnov test was used to assess vari-
ables’ normality. Since the data have nondistribution, we have
applied the nonparameter techniques. Independent groups
were compared using the Mann-Whitney 𝑈 test for contin-
uous variables and dependent groups were compared with
Wilcoxon test. The correlations were analyzed using the
Tau-Kendall ratio. A 𝑃 value of <0.05 was considered as
significant.

3. Results

3.1. Interleukin-6 (Il-6). In the NLC subgroup a statistically
significant difference of IL-6 between the portal vein (PV)
and hepatic vein (HV) was observed (0.37 versus 0.22 ng/mL,
𝑃 = 0.02). We observed also a trend towards lower Il-6
concentrations in the peripheral vein (PhV) than PV (0.28
versus 0.37 ng/mL, 𝑃 = 0.061). In LC recipients lower Il-
6 concentrations were found in blood from hepatic artery
(HA) than fromHVandPV (0.28 versus 0.39 and 0.39 ng/mL,
𝑃 = 0.016 and 𝑃 = 0.01, resp.).

3.2. Tumor Necrosis Factor-Alpha (TNF-𝛼). In the liver do-
nors higher TNF-𝛼 concentrations in the PV compared toHV
and PhV were observed (11.6 versus 6.3 and 6.9 ng/mL, 𝑃 =
0.03 and 𝑃 = 0.041, respectively). There were no statistically
significant differences of TNF-𝛼 levels in LTX patients. The
comparison of NLC and LC subgroups revealed lower TNF-𝛼
concentrations inHVofNLCpatients (6.3 versus 9.56 ng/mL,
𝑃 = 0.034).

3.3. Hepatic Growth Factor (HGF). We observed lower HGF
levels in HV versus PV in the graft donors (1.44 versus
1.88 ng/mL, 𝑃 = 0.016). Conversely, HGF concentrations
were higher in HV blood than in PV in liver transplant
recipients (3.54 versus 2.23 ng/mL, 𝑃 = 0.004). In the hepatic
vein we observed lower HGF levels in comparison to PhV
(1.44 versus 1.74 ng/mL, 𝑃 = 0.047). There was also a trend
towards lower HGF concentrations in HA than in HV (2.3
versus 3.54 ng/mL, 𝑃 = 0.005). While comparing HGF con-
centrations in both groups, we have found higher levels of
this cytokine in the hepatic vein of LC recipients (3.54 versus
1.44 ng/mL, 𝑃 = 0.00007) and lower levels of HGF in PhV of
NLC (1.74 versus 2.92 ng/mL, 𝑃 = 0.011).

3.4. Transforming Growth Factor-Beta (TGF-𝛽). In liver
donors we observed lower TGF-𝛽 levels in the hepatic vein
compared to the portal vein and peripheral vein (7.95 versus
12.55 and 11.96 ng/mL, 𝑃 = 0.015 and 𝑃 = 0.049, resp.). There
were no statistically significant differences of TGF-𝛽 levels in
LC patients. Lower TGF-𝛽 concentrations in the blood from
AH were observed in liver transplant recipients compared to
NLC patients (4.99 versus 9.88 ng/mL, 𝑃 = 0.029). There was
also a trend toward lower in portal vein TGF-𝛽 levels in this
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Table 1: Demographic and clinical data of the study group. F: female, M: male, and SD: standard deviation.

Parameter No liver cirrhosis (NLC) Liver cirrhosis (LC)
Sex F/M [𝑛 (%)] 5 (25)/15 (75) 11 (55)/9 (45)
Age [years (SD)] 35.3 (12.7) 50.1 (8.5)
Cause of death [𝑛 (%)]

Craniocerebral trauma 9 (45)
Hemorrhagic stroke 9 (45)
Subarachnoid hemorrhage 2 (10)

Child-Pugh class [𝑛 (%)]
B 13 (65)
C 7 (35)

Cause of liver failure [𝑛 (%)]
Unknown 6 (30)
Primary biliary cirrhosis (PBC) 3 (15)
Alcoholic liver disease (ALD) 3 (15)
Hepatitis C cirrhosis (HCV) 3 (15)
HBV + HCV cirrhosis 2 (10)
Primary sclerosing cholangitis (PSC) 1 (5)
Autoimmune hepatitis (AIH) 1 (5)
AIH + HBV 1 (5)

AlAT (U/L) [mean (SD/range)] 29.2 (16.1) 458 (11–6766)
GGTP (U/L) [mean (SD/range)] 24.1 (17.1) 188.5 (38–476)
INR [mean (SD/range)] 1.2 (0.2) 1.4 (0.86–4.0)
Creatinine (mg/mL) [mean (SD/range)] 0.9 (0.24) 1.0 (0.3)
Interleukin-6 (Il-6) [median (range) ng/ml]

Portal vein 0.31 (0.12–0.90) 0.40 (0.21–0.62)
Hepatic vein 0.21 (0.02–0.44) 0.39 (0.19–0.88)
Hepatic artery 0.21 (0.01–1.07) 0.22 (0.01–0.60)
Peripheral vein 0.27 (0.02–0.74) 0.38 (0.04–0.55)

Tumor necrosis factor-alpha (TNF-𝛼) [median (range) ng/ml]
Portal vein (PV) 10.52 (2.98–35.81) 8.97 (1.98–19.68)
Hepatic vein (HV) 4.22 (0.48–22.36) 7.46 (2.47–22.36)
Hepatic artery (HA) 6.32 (0.59–36.11) 9.95 (1.48–45.27)
Peripheral vein (PhV) 3.40 (0.48–38.01) 8.94 (0.24–21.59)

Hepatocyte growth factor (HGF) [median (range) ng/ml]
Portal vein (PV) 1.60 (1.00–6.18) 2.19 (0.97–4.02)
Hepatic vein (HV) 1.34 (0.71–2.92) 2.87 (1.12–8.94)
Hepatic artery (HA) 1.47 (0.92–4.38) 2.09 (0.72–4.50)
Peripheral vein (PhV) 1.55 (0.52–5.32) 2.66 (0.99–5.96)

Transforming growth factor-beta (TGF-𝛽) [median (range) ng/ml]
Portal vein (PV) 10.38 (3.69–28.29) 5.52 (2.96–24.60)
Hepatic vein (HV) 7.05 (3.42–15.82) 6.38 (4.85–18.78)
Hepatic artery (HA) 8.82 (2.68–23.24) 3.87 (1.52–11.83)
Peripheral vein (PhV) 10.38 (1.21–26.08) 7.08 (1.91–21.19)

LC patient (8.07 versus 12.55 ng/mL, 𝑃 = 0.08). The results of
all measurements are summarized in Figure 1.

3.5. Mathematic Model of Cytokine Elimination in the Liver.
Using the obtained results, the mathematical model of
cytokine elimination was developed. The cytokines delivered
to the liver via hepatic artery as well as in-hepatic syn-
thesis and degradation were taken into account. Based on

the phenomenon of the first pass effect known in biophar-
maceutics and pharmacokinetics the extraction ratio (ER)
formula that considered the above-mentioned processes was
elaborated, as follows: ER = (𝐶in − 𝐶out)/𝐶in, where 𝐶in =
concentration of a substance entering the liver and 𝐶out =
concentration of a substance leaving the liver. In the next
step the equation was enriched by adding variables reflecting
the synthesis and degradation of cytokines by the liver:
𝐶syn = concentration of a substance synthesized in the liver,
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Figure 1: Schematic representation of the concentrations of analyzed cytokines in the blood of peripheral vein (PhV), portal vein (PV),
hepatic artery (HA), and hepatic vein (HV). Il-6: interleukin-6, TNF-𝛼: tumor necrosis factor alpha, HGF: hepatic growth factor, and TGF-𝛽:
transforming growth factor beta.



BioMed Research International 5

𝐶in/deg = concentration of a substance entering the liver and
then degraded, and 𝐶syn/deg = concentration of a substance
synthesized in the liver and then degraded, to yield the
following equation for calculation of the liver elimination
ratio (LER):

LER =
(𝐶in − (𝐶in + 𝐶syn − 𝐶in/deg − 𝐶syn/deg))

𝐶in

=

−𝐶syn + 𝐶in/deg + 𝐶syn/deg

𝐶in
.

(1)

Assuming that extraction ratio (ER) is equal to the liver
elimination ratio (LER) we obtain the following formula:
𝐶in − 𝐶out = −𝐶syn + 𝐶in/deg + 𝐶syn/deg. Negative LER values
reflect the predominance of cytokine synthesis over their
degradation. If the degradation predominates the synthesis
the elimination ratio is positive. Because the LER formula
comprises more than one unknown variable, to calculate the
rate of hepatic elimination we have used the ER equation.

3.6. Elimination Ratio of Cytokines by the Liver. The elimi-
nation ratio (LER) was calculated according to the formula
given above for each of the cytokines: Il-6, HGF, TNF-𝛼,
and TGF-𝛽. In the healthy liver the elimination of analyzed
cytokines surpassed their in-liver synthesis based on the
positive value of the elimination ratios: 0.4, 0.2, 0.4, and 0.3,
respectively. In liver transplant recipients (liver failure), we
observed negative values of WE ratios for Il-6, HGF, and
TGF-𝛽 (−0.1, −0.5, and −0.2, respectively). The WE ratio of
TNF-𝛼 had a positive value (0.1).

4. Discussion

The presented results have confirmed the important role
of the liver in the development and course of immune
response through the synthesis and removal of proinflam-
matory cytokines and growth factors. In liver graft donors,
we have observed significantly lower concentrations of all
studied cytokines in the hepatic vein than in the portal vein,
which suggests a significant role of the liver in the removal
of these molecules from systemic circulation. Noteworthy is
the absence of such differences in liver transplant recipients.
Moreover, in patients with liver failure the concentrations of
HGF in the blood leaving the liver were higher than in the
portal vein, which may indicate its synthesis in the setting of
hepatic insufficiency.

We have shown that liver cirrhosis and failure are asso-
ciated with not only impairment of detoxification and syn-
thetic and metabolic processes, but also alterations and even
increased synthesis of some proinflammatory molecules.The
role of the liver as one of the major sites of cytokines
production has been widely acknowledged in the literature
[5–10]. Liver function abnormalities in the course of its
cirrhosis and insufficiency may have a direct impact on
the circulating cytokines and growth factors and ultimately
affect the immune system function [11]. Most of the available
studies on the removal of cytokines and growth factors by
the liver were carried out in animal models with the use of

exogenous labeled inflammatory mediators and not consid-
ering their intrahepatic synthesis and degradation [12–19]. In
the present study, thanks to the simultaneous assessment of
the concentrations of the cytokines in the blood from the
hepatic artery and vein and the portal and peripheral vein,
analysis of intrahepatic processes was possible. In addition,
the elaborated equation for the elimination ratio calculation
allowed for estimation of the intrahepatic processes and the
role of the liver in the synthesis and elimination of studied
cytokines. Applying the elimination ratio for the evaluation of
hepatic cytokine removal allowed us tomake obtained results
independent of the possible impact of variability in cytokine
production resulting from comorbidities in liver transplant
donor and recipients, causing death of liver graft donors.

We observed that in the healthy liver the elimination of
Il-6 predominates, which is consistent with the results of
studies in animal models. Castell et al. described the plasma
clearance of labeled Il-6 in rat model [12, 20]. In the case
of liver failure and cirrhosis the presence of elevated levels
cytokines and growth factorswere also demonstrated [21–28].
It may result both from a limited degradation and enhanced
intrahepatic synthesis of these molecules. In our study this
hypothesis was confirmed by the negative WE ratio values
of Il-6, HGF, and TGF-𝛽 in liver transplant recipients that
were lower in comparison to liver graft donors. Other authors
observed higher Il-6 and TNF-𝛼 concentrations in patients
with liver cirrhosis compared with healthy volunteers [1].The
authors pointed at the existence of the correlation between
cytokines’ levels and the severity of liver cirrhosis. The
negative value of Il-6 elimination ratio in our group of liver
graft recipients may result from both impaired degradation
and increased intrahepatic synthesis in response to increased
concentrations of nondegraded toxins. Significantly lower
TNF-𝛼 concentrations in the hepatic vein compared to the
portal vein found only in the NLC prove an important role
of the healthy liver in the elimination of this molecule. The
elimination ratio of TNF-𝛼 was comparable to LER for Il-
6 in NLC. In the case of liver failure we did not observe
negative WE ratios of TNF-𝛼 which may indicate a lack of its
increased intrahepatic synthesis. In the case of HGF, its rate
of elimination by healthy liver was similar as observed for Il-
6 and TNF-𝛼. However, in liver transplant recipients higher
HGF levels were observed in hepatic vein than in portal vein.
The finding of significantly higher HGF concentrations in the
hepatic and peripheral veins of LC patients compared to the
liver graftdonorsmay indicate that in the latter group the liver
mainly eliminates the growth factor, while in NLC patients its
intrahepatic synthesis predominates the rate of elimination.
Liu et al. showed that in the first pass the liver eliminates
approximately 26%of labeledHGF and in the early stage 70%,
and what is interesting is the fact that the molecule is also
taken up by the adrenal glands, spleen, kidneys, and lungs
[29]. Studies in both humans and animals showed elevated
levels of HGF in the systemic circulation associated with
different liver pathologies [19, 30–38]. Rudi et al. suggested,
however, that increased HGF levels are associated rather
with liver failure than with hepatocytes’ regeneration in
the course of liver cirrhosis [37]. The hypothesis that the
pathological processes taking place in the liver increase
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intrahepatic HGF synthesis is confirmed by our finding of
strongly negative LER ratio in liver transplant recipients.
Lower TGF-𝛽 concentration in the hepatic vein compared
to portal and peripheral veins in NLC evidence its hepatic
elimination and participation of other peripheral organs in its
removal. A significant role of the liver and a smaller impact of
other organs in removing of TGF-𝛽were also shown by other
researchers [39, 40].

The weaknesses of our study include mainly small size
of the study groups. This was caused by the pilot nature
of the project and also by the logistic difficulties associated
with obtaining blood samples in such specific clinical circum-
stances.

In conclusion, the differences in Il-6, TNF-𝛼, HGF, and
TGF-𝛽 observed in liver donors between the portal and
hepatic veins seem to result from their removal by healthy
liver, which is absent in liver graft recipients with hepatic
insufficiency. The negative elimination ratios of Il-6, HGF,
and TGF-𝛽 indicate the prevalence of their intrahepatic
synthesis in liver failure. Higher concentration of HGF in
the hepatic vein and its strongly negative elimination ratio
suggest that this growth factormay be intensively synthesized
in the milieu of liver failure. To the best of our knowledge it
is one of the few human studies simultaneously evaluating
concentrations of Il-6, TNF-𝛼, HGF, and TGF-𝛽 in the
hepatic artery and vein and in the portal and peripheral veins
in the setting of good and poor liver functions. We present
also a unique equation aimed at assessment of the role of the
liver in the removal and synthesis of a given substance.
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[1] J. A. Girón-González, C. Mart́ınez-Sierra, C. Rodriguez-Ramos
et al., “Implication of inflammation-related cytokines in the
natural history of liver cirrhosis,” Liver International, vol. 24, no.
5, pp. 437–445, 2004.

[2] G. L. A. Bird, N. Sheron, A. K. Goka et al., “Increased plasma
tumor necrosis factor in alcoholic hepatitis,” Annals of Internal
Medicine, vol. 112, pp. 917–920, 1990.

[3] B. Byl, I. Roucloux, A. Crusiaux, E. Dupont, and J. Devière,
“Tumor necrosis factor 𝛼 and interleukin 6 plasma levels in
infected cirrhotic patients,”Gastroenterology, vol. 104, no. 5, pp.
1492–1497, 1993.

[4] Y. Muto, K. T. Nouri-Aria, A. Meager, G. J. M. Alexander,
A. L. W. F. Eddleston, and R. Williams, “Enhanced tumour
necrosis factor and interleukin-1 in fulminant hepatic failure,”
The Lancet, vol. 2, no. 8602, pp. 72–74, 1988.

[5] A. L. Brown, D. E. Graham, S. P. Nissley, D. J. Hill, A. J. Strain,
and M. M. Rechler, “Developmental regulation of insulin-like

growth factor II mRNA in different rat tissues,” Journal of
Biological Chemistry, vol. 261, no. 28, pp. 13144–13150, 1986.

[6] K. J. Busam, T. M. Bauer, J. Bauer, W. Gerok, and K. Decker,
“Interleukin-6 release by rat liver macrophages,” Journal of
Hepatology, vol. 11, no. 3, pp. 367–373, 1990.

[7] K. Decker, “Biologically active products of stimulated liver
macrophages (Kupffer cells),” European Journal of Biochemistry,
vol. 192, no. 2, pp. 245–261, 1990.

[8] D. B. Magilavy and J. L. Rothstein, “Spontaneous production
of tumor necrosis factor 𝛼 by Kupffer cells of MRL/lpr mice,”
Journal of Experimental Medicine, vol. 168, no. 2, pp. 789–794,
1988.

[9] B. L. McVicker, D. J. Tuma, K. K. Kharbanda, J. L. Kubik, and
C. A. Casey, “Effect of chronic ethanol administration on the in
vitro production of proinflammatory cytokines by rat Kupffer
cells in the presence of apoptotic cells,” Alcoholism: Clinical and
Experimental Research, vol. 31, no. 1, pp. 122–129, 2007.

[10] M. Vera and N. Nieto, “Hepatic stellate cells and alcoholic liver
disease,” Revista Espanola de Enfermedades Digestivas, vol. 98,
no. 9, pp. 674–684, 2006.

[11] T. Andus, J. Bauer, and W. Gerok, “Effects of cytokines on the
liver,” Hepatology, vol. 13, no. 2, pp. 364–375, 1991.

[12] J. V. Castell, T. Geiger, V. Gross et al., “Plasma clearance, organ
distribution and target cells of interleukin-6/hepatocyte-stimu-
lating factor in the rat,” European Journal of Biochemistry, vol.
177, no. 2, pp. 357–361, 1988.

[13] J. G. Chabot, P. Walker, and G. Pelletier, “Distribution of
epidermal growth factor binding sites in the adult rat liver,”
The American Journal of Physiology—Gastrointestinal and Liver
Physiology, vol. 250, no. 6, pp. G760–G764, 1986.

[14] B. L. Ferraiolo, J. A. Moore, D. Crase, P. Gribling, H. Wilking,
andR.A. Baughman, “Pharmacokinetics and tissue distribution
of recombinant human tumor necrosis factor-𝛼 in mice,” Drug
Metabolism and Disposition, vol. 16, no. 2, pp. 270–275, 1988.

[15] M.A.Hartshorn,C.D. Scott, andR.C. Baxter, “Immunofluores-
cent localization of type II insulin-like growth factor receptor in
rat liver and hepatoma cells,” Journal of Endocrinology, vol. 121,
no. 2, pp. 221–227, 1989.

[16] M. Kato, Y. Kato, T. Nakamura, and Y. Sugiyama, “Efficient
extraction by the liver governs overall elimination of hepatocyte
growth factor in rats,” Journal of Pharmacology and Experimen-
tal Therapeutics, vol. 290, no. 1, pp. 373–379, 1999.

[17] D. C. Kim, Y. Sugiyama, T. Fuwa, S. Sakamoto, T. Iga, and
M. Hanano, “Kinetic analysis of the elimination process of
human epidermal growth factor (hEGF) in rats,” Biochemical
Pharmacology, vol. 38, no. 2, pp. 241–249, 1989.

[18] J. Klapproth, J. Castell, T. Geiger, T. Andus, and P. C. Heinrich,
“Fate and biological action of human recombinant interleukin
1𝛽 in the rat in vivo,” European Journal of Immunology, vol. 19,
no. 8, pp. 1485–1490, 1989.

[19] O. Sonne, O. Davidsen, B. K. Moller, and C. M. Petersen,
“Cellular targets and receptors for interleukin-6 in vivo and in
vitro uptake of Il-6 in liver and hepatocytes,” European Journal
of Clinical Investigation, vol. 20, no. 4, pp. 366–376, 1990.

[20] J. Castell, J. Klapproth, V. Gross et al., “Fate of interleukin-6 in
the rat. Involvement of skin in its catabolism,” European Journal
of Biochemistry, vol. 189, no. 1, pp. 113–118, 1990.

[21] R. Flisiak, B. Pytel-Krolczuk, and D. Prokopowicz, “Circulating
transforming growth factor 𝛽1 as an indicator of hepatic
function impairment in liver cirrhosis,” Cytokine, vol. 12, no. 6,
pp. 677–681, 2000.



BioMed Research International 7

[22] M. Fujimoto, M. Uemura, Y. Nakatani et al., “Plasma endotoxin
and serum cytokine levels in patients with alcoholic hepatitis:
relation to severity of liver disturbance,”Alcoholism:Clinical and
Experimental Research, vol. 24, no. 4, pp. 48s–54s, 2000.

[23] J. Genesca, A. Gonzalez, R. Segura et al., “Interleukin-6, nitric
oxide, and the clinical and hemodynamic alterations of patients
with liver cirrhosis,”The American Journal of Gastroenterology,
vol. 94, no. 1, pp. 169–177, 1999.

[24] A. I. Jacob, P. K. Goldberg, N. Bloom, G. A. Degenshein, and P.
J. Kozinn, “Endotoxin and bacteria in portal blood,” Gastroen-
terology, vol. 72, no. 6, pp. 1268–1270, 1977.

[25] F. Y. Lee, R. H. Lu, Y. T. Tsai et al., “Plasma interleukin-6
levels in patients with cirrhosis. Relationship to endotoxemia,
tumor necrosis factor-alpha and hyperdynamic circulation,”
Scandinavian Journal of Gastroenterology, vol. 31, no. 5, pp. 500–
505, 1996.

[26] M. Neuman, P. Angulo, I. Malkiewicz et al., “Tumor necrosis
factor-alpha and transforming growth factor-beta reflect sever-
ity of liver damage in promary biliary cirrhosis,” Journal of
Gastroenterology and Hepatology, vol. 17, no. 2, pp. 196–202,
2002.

[27] M. Odeh, E. Sabo, I. Srugo, and A. Oliven, “Serum levels
of tumor necrosis factor-𝛼 correlate with severity of hepatic
encephalopathy due to chronic liver failure,” Liver International,
vol. 24, no. 2, pp. 110–116, 2004.

[28] N. Sheron,G. Bird, J. Goka,G.Alexander, andR.Williams, “Ele-
vated plasma interleukin-6 and increased severity andmortality
in alcoholic hepatitis,” Clinical & Experimental Immunology,
vol. 84, no. 3, pp. 449–453, 1991.

[29] K.-X. Liu, Y. Kato, M. Kato, T.-I. Kaku, T. Nakamura, and Y.
Sugiyama, “Existence of two nonlinear eliminationmechanisms
for hepatocyte growth factor in rats,” American Journal of
Physiology—Endocrinology and Metabolism, vol. 273, no. 5, pp.
E891–E897, 1997.

[30] R. Appasamy, M. Tanabe, N. Murase et al., “Hepatocyte growth
factor, blood clearance, organ uptake, and biliary excretion in
normal and partially hepatectomized rats,” Laboratory Investi-
gation, vol. 68, no. 3, pp. 270–276, 1993.

[31] N. Arakaki, S. Kawakami, O. Nakamura et al., “Evidence for the
presence of an inactive precursor of human hepatocyte growth
factor in plasma and sera of patients with liver diseases,”
Hepatology, vol. 22, no. 6, pp. 1728–1734, 1995.

[32] H. Inoue, F. Yokoyama, Y. Kita et al., “Relationship between
the proliferative capability of hepatocytes and the intrahepatic
expression of hepatocyte growth factor and c-Met in the
course of cirrhosis development in rats,” International Journal
of Molecular Medicine, vol. 17, no. 5, pp. 857–864, 2006.

[33] S. Kawakami, H. Tsubouchi, S. Nakagawa et al., “Expression of
hepatocyte growth factor in normal and carbon tetrachloride-
treatedmonkeys,”Hepatology, vol. 20, no. 5, pp. 1255–1260, 1994.

[34] K. X. Liu, Y. Kato, M. Yamazaki, O. Higuchi, T. Nakamura, and
Y. Sugiyama, “Decrease in the hepatic clearance of hepatocyte
growth factor in carbon tetrachloride-intoxicated rats,” Hepa-
tology, vol. 17, no. 4, pp. 651–660, 1993.

[35] K.-X. Liu, Y. Kato, M. Narukawa et al., “Importance of the liver
in plasma clearance of hepatocyte growth factor in rats,” Amer-
ican Journal of Physiology—Gastrointestinal and Liver Physiol-
ogy, vol. 263, no. 5, pp. G642–G649, 1992.

[36] G. K. Michalopoulos and R. Appasamy, “Metabolism of HGF-
SF and its role in liver regeneration,” EXS, vol. 65, pp. 275–283,
1993.

[37] J. Rudi, R. Waldherr, R. Raedsch, and W. Stremmel, “Serum
hepatocyte growth factor levels in primary biliary cirrhosis,”
European Journal of Gastroenterology and Hepatology, vol. 7, no.
11, pp. 1081–1086, 1995.

[38] G. Shiota, J.-I. Okano, H. Kawasaki, T. Kawamoto, and T.
Nakamura, “Serum hepatocyte growth factor levels in liver
diseases: clinical implications,” Hepatology, vol. 21, no. 1, pp.
106–112, 1995.

[39] S. J. Burwen, M. E. Barker, I. S. Goldman, G. T. Hradek, S. E.
Raper, and A. L. Jones, “Transport of epidermal growth factor
by rat liver: evidence for a nonlysosomal pathway,” Journal of
Cell Biology, vol. 99, no. 4, pp. 1259–1265, 1984.

[40] R. J. St Hilaire, G. T. Hradek, and A. L. Jones, “Hepatic se-
questration and biliary secretion of epidermal growth factor:
evidence for a high-capacity uptake system,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 80, no. 12, pp. 3797–3801, 1983.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


