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Abstract

AIM: To investigate if and to what extent antiviral therapy
influenced a broad panel of quantitative testing of liver
function (QTLF).

METHODS: Fifty patients with chronic hepatitis C were
either treated with interferon (n = 8), interferon/ribavirin
(n = 19) or peg-interferon/ribavirin (n = 23). Quantitative
testing of liver function, including aminopyrine breath test
(ABT), galactose elimination capacity (GEC), sorbitol
clearance (SCl) and indocyanine green clearance (ICG)
was performed before and 3 mo after initiation of antiviral
therapy.

RESULTS: After 3 mo of antiviral treatment, 36 patients
showed normal transaminases and were negative for HCV-
RNA, 14 patients did not respond to therapy. ABT and GEC
as parameters of microsomal and cytosolic liver function
were reduced in all patients before therapy initiation and
returned to normal values in the 36 therapy responders after
3 mo. Parameters of liver perfusion (SCl and ICG) were
not affected by antiviral therapy. In the 14 non-responders,
no changes in QTLF values were observed during the
treatment period.

CONCLUSION: ICG and SCl remained unaffected in
patients with chronic hepatitis C, while ABT and GEC were
significantly compromised. ABT and GEC normalized in
responders to antiviral therapy. Early determination of ABT
and GEC may differentiate responders from non-responders
to antiviral treatment in hepatitis C.
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INTRODUCTION

Chronic infection with HCV is among the leading causes
for impaired liver function and a major risk factor for
developing liver cirrhosis and subsequently hepatocellular
carcinoma[1,2]. Treatment of  patients with chronic HCV
infection has significantly improved, since the introduction
of  INF-based therapies[3-6]. Yet, more than 50% of  patients
infected with HCV genotype 1 and approximately 20% of
patients with genotypes 2 and 3 do not achieve sustained
virologic responses. Risk factors for non-response are HCV
genotype, HCV RNA level and liver cirrhosis, which is usually
accompanied by impaired liver function and blood flow[7].
Stage and prognosis of liver cirrhosis can be assessed by
clinical examination, conventional blood tests and ultrasound
or computed tomography. Yet, these conventional parameters
(e.g., serum albumin, cholinesterase or coagulation factors)
often lack sensitivity in early stages of liver diseases and
are only changed in advanced stages. Therefore QTLF, which
are based on the hepatic clearance or metabolism of test
substances, have been successfully used to predict prognosis
and outcome of a variety of different liver diseases[8-14].

So far, response to antiviral therapy is mainly based on
HCV RNA levels and transaminases. Here, we investigated
if and to what extent changes in either hepatic metabolic
enzyme function and in liver perfusion can be achieved by
different antiviral therapies, and if changes in QTLF may
help to discriminate responders from non-responders to
antiviral treatment strategies.

MATERIALS AND METHODS

Fifty consecutive patients (age 39±13 years) with chronic
hepatitis C (HCV-RNA positive and raised transaminases,
mild to moderate fibrosis, all with HCV genotype 1) were
included in the study. Eight patients (16%) were treated
with INF monotherapy, 19 patients (38%) with INF/RIB
and 23 patients (46%) with peg-INF/RIB combination
therapy. All patients underwent QTLF before and 3 mo
after initiation of antiviral therapy. Drugs that could possibly
interfere with QTLF were discontinued 120 h before testing.
Twenty-five healthy adults with normal hepatic serum
parameters served as controls[8].

HCV-RNA was assessed qualitatively and quantitatively
using the HCV Monitor and the Cobas Amplicor systems,
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respectively (both from Roche, Germany). Response to antiviral
treatment was defined as being negative for qualitative HCV
testing or less than two log steps drop in quantitative HCV-
RNA levels.

The following tests were performed to quantitatively
assess changes in liver function during antiviral therapy:
aminopyrine breath test (ABT), galactose elimination capacity
(GEC), sorbitol clearance (SCl) and indocyanine green
clearance (ICG). ABT measures the metabolic capacity of
hepatocytes by determining the activity of  microsomal
enzymes[15]. In detail, radioactively labeled 14C-aminopyrine
(1.5 Cr), applied intravenously, is demethylated by amino-
N-demethylase, which reflects the activity of three different
cytochrome P450-dependent microsomal enzymes, and
further metabolized to 14CO2 which is exhaled and measured
with a -counter.

GEC determines the cytosolic metabolic capacity of
the liver[16]. The catabolic enzyme system is saturated by an
intravenous bolus injection of galactose (45% galactose,
0.5 g/kg body weight). The cytoplasmic enzyme galactokinase
phosphorylates galactose determines the elimination of
this hexose, serving as a measure of  functional liver cell
mass. Serum concentrations of  galactose are determined
photometrically at 366 nm at 0 min and from 20 to 60 min
p.i. in 5 min intervals.

SCl is regarded as a parameter of liver parenchymal perfusion
(liver plasma flow). Sorbitol (500 g/L) is administered via a
perfusor at 7.5 mL/h. The hepatic clearance corresponds
to the measurement of the arteriovenous concentration
difference[17]. Serum and urinary concentrations of sorbitol are
determined photometrically at the beginning of  the perfusion
and after reaching steady-state conditions (150 min).

ICG is exclusively absorbed in the liver and quickly excreted
in unmodified form (97%) in the bile and can therefore be
used as a marker for liver perfusion and biliary secretion capacity
after infusion of a bolus of 0.5 mg/kg body weight. Its serum
concentration is measured photometrically at 800 nm in
3 min intervals until 21 min after ICG injection[18].

Transaminase levels (AST, ALT) were determined by
routine methods in the Department of Medical Chemistry,
University Erlangen.

Statistical analysis was performed using SPSS for
Windows with P<0.05 regarded as significant. Spearman’s
correlation coefficient (r) was calculated with Microsoft Excel
2003 for Windows XP. The present study was performed
in concordance with the ethical standards formulated in
the version of 1964 Declaration of Helsinki. All patients
gave their informed consent prior to inclusion in the study.

RESULTS
Of the 50 treated patients, 36 (72%) responded to the
respective antiviral therapy, showing normal transaminases
and negative HCV-RNA after 3 mo. Fourteen patients (28%)
did not respond to the therapy regimens (Table 1). Transaminase
levels correlated well with HCV-RNA copy numbers, with
r = 0.966 and r = 0.937 for AST and ALT, respectively.

ABT (Figure 1A) and GEC (Figure 1B) were reduced in
all patients before beginning the treatment (ABT: 0.65±0.24%
dose-kg/mmol CO2; GEC: 5.43±2.06 mg/min-kg; P<0.05
vs healthy controls). In patients responding to antiviral therapy,
ABT and GEC returned to normal values after 3 mo
(0.82±0.14% dose-kg/mmol CO2 and 7.84±1.71 mg/min-kg.),
showing a statistically significant change compared to the
initial values (P<0.05). Non-responders still showed reduced
parameters of microsomal and cytosolic liver function after
the therapy interval (ABT: 0.68±0.19% dose-kg/mmol CO2;
GEC: 5.89±1.64 mg/min-kg). Paralleling transaminase
levels, ABT and GEC showed a high correlation with HCV-
RNA levels with r = 0.974 and r = 0.99, respectively.

In contrast to these metabolic liver function tests, no
changes were observed in QTLF investigating parameters of
liver perfusion. While SCl (Figure 1C) and ICG (Figure 1D)
were lower in patients with hepatitis C compared to healthy
controls (not significant, P>0.05), neither responders nor non-
responders to antiviral therapies improved during the 3 mo
treatment period. SCl was 12.86±2.58 mL/min-kg in healthy
controls, 10.8±2.19 mL/min-kg in HCV patients before
treatment and 11.3±2.13 and 10.72±2.37 mL/min-kg in
responders and non-responders to antiviral therapy. ICG was
determined as 0.21±0.11 L/min in controls, 0.17±0.07 L/min
before treatment, 0.20±0.07 L/min in responders and
0.18±0.09 L/min in non-responding patients, respectively.
Values for ICG and SCl did not correlate with HCV-RNA
or transaminases. Although both parameters show slight
differences in responders before and after antiviral therapy,
these changes were statistically not significant.

Overall, antiviral therapy ameliorated QTLF of microsomal
(ABT) and cytosolic (GEC) metabolic capacities, but did
not influence parameters of liver perfusion (SCl) and secretion
(ICG). Amelioration of ABT and GEC was independent
of the applied antiviral regimen in the examined patient
groups, but only dependent on overall response to treatment
as evidenced by high correlation coefficients with serum
transaminase levels.

DISCUSSION

We have shown previously that the application of  a broad

Table 1  Transaminase levels and RNA copy numbers in HCV patients before and after 3 mo of antiviral therapy

   HCV patients (n = 50)     Responders (n = 36)  Non-responders (n = 14)         Controls (n = 25)

Age (yr) 39±13 41±12 37±11 39±10

Sex (m/f) 33/17 25/11 10/4 17/8

AST (U/L) 74±37 35±13 59±17 27±11

ALT (U/L) 97±45 30±11 63±21 23±13

RNA level (×1 000)                 723±234           Neg/2 log drop                 649±305                 Negative

Transaminase levels and RNA copy numbers in HCV patients before and after 3 mo of antiviral therapy. Patients were divided in responders (negative or 2 log steps drop

in HCV-RNA copy numbers) or non-responders according to RNA levels. HCV-RNA negative persons served as controls. Normal transaminase values: AST<31 U/L

(male), <35 U/L (female); ALT <34 U/L (male), <45 U/L (female).
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panel of QTLF is a useful diagnostic tool to assess prognosis
and outcome in different liver diseases[8,13,14]. Although liver
damage due to chronic viral hepatitis is considered more
predictable than toxic injuries, so far only the application
of a single QTLF has been described in small collectives[19,20]

and we have shown recently that untreated viral hepatitis
influences QTLF in a large cohort[12]. Additionally, we have
shown previously that QTLF are inversely correlated with
Child-Pugh grades in cirrhotic patients[8]. As there is no
information available on the impact of  antiviral therapies using
INF, INF/RBV or PEG-INF/RBV, we applied a broad
panel of QTLF to 50 consecutive patients with chronic
HCV infection, 3 mo after beginning the antiviral therapy.
At this time point, therapy response is usually re-evaluated
to distinguish responders from non-responders to antiviral
treatment. HCV has been shown to lead to parenchymal
inflammation and to decrease microsomal as well as cytosolic
hepatic enzyme capacities, which was independent of the
etiology of  hepatitis[12].

Compared to healthy controls, we found a significant
reduction in metabolic liver function tests (ABT, GEC) in
all HCV patients before the initiation of either antiviral therapy.
ABT is mainly used to evaluate the prognosis of alcohol-
induced hepatitis, paracetamol poisoning or cirrhosis[12,21-23].
ABT can be influenced by pharmacologic induction (e.g.,
barbiturates, phenytoine) or inhibition (e.g., contraceptives)
of microsomal enzymes[14].

GEC was proposed as a prognostic parameter in chronic
hepatitis as well as acute liver failure and has been demonstrated
to be already reduced in patients with mild fibrosis or acute
liver dysfunction[11,22,24].

In HCV patients, reduction of ABT and GEC can be
explained by decreased enzymatic capacities caused by active
viral replication and expression of viral proteins. Additionally,

the total number of vital hepatocytes is decreased in chronic
HCV due to ongoing parenchymal inflammation, tissue
remodeling and scarring by advancing fibrosis/cirrhosis due
to immunologic responses[25]. As responders to antiviral treatment,
HCV-RNA was not detectable after 3 mo, independent of
the therapy regimen and both metabolic parameters increased
to the levels of healthy controls indicating that viral replication
strongly influences both microsomal and cytosolic enzymes.
HCV is a rapidly replicating virus whose genome is translated
into a large polyprotein precursor which undergoes extensive
post-translational modifications[26] by using different cellular
enzyme systems which might explain lower metabolic QTLF
values in HCV patients.

In contrast to the metabolic parameters, QTLF investigating
hepatic perfusion (SCl and ICG) were not significantly
reduced in the 50 patients with chronic HCV infection and
remained unaffected by any response to antiviral therapies.
This corroborates previous findings, where hepatic perfusion
remained in the normal range even in patients with early
fibrotic lesions and irrespective of inflammatory grade of
size of the lesions[12]. ICG is considered to be insensitive to
pharmacological influences, because its metabolism solely
depends on hepatic transport and biliary secretion. Here, we
found that 3 mo of different antiviral therapies did not influence
ICG, as was shown previously for long-term treatment with
beta-blockers, nitrates or antithyroid medications[9,27].

In summary, our results suggest that QTLF monitoring
metabolic liver functions (ABT, GEC) may be a useful tool
to discriminate responders from non-responders to antiviral
therapy regimens in chronic HCV infection after a 3-mo
treatment period. While liver perfusion is not altered by
either HCV infection or antiviral treatment, ABT and GEC
may help to optimize economic and medical treatment
strategies in chronic viral hepatitis.

Figure 1  Quantitative testing of liver function in patients with hepatitis C. Shown are mean±SD of QTLF values in healthy controls (n = 25) and HCV patients
(n = 50) before and 3 mo after antiviral therapy, divided into responders (n = 36) and non-responders (n = 14). aP<0.05 vs healthy controls; cP<0.05 vs pre-treatment
values. A: Aminopyrine breath test. ABT (% dose-kg/mmol CO2); B: Galactose elimination capacity. GEC (mg/min-kg); C: Sorbitol clearance. SCl (mL/min-kg);
D: Indocyanine green clearance. ICG (L/min).
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