Cytotechnology (2015) 67:255-265
DOI 10.1007/s10616-013-9680-1

ORIGINAL RESEARCH

Effect of matrine on primary human hepatocytes in vitro
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Abstract Matrine is a bioactive component of the
traditional Chinese medical herb Sophora flavescens
that has been used in China to treat various kinds
of diseases including virus hepatitis. However, the
molecular mechanisms underlying its hepatoprotective
effects remains elusive. In the present study, primary
human hepatocytes were employed to elucidate the
protective effects and molecular mechanisms of ma-
trine. We observed that low concentrations of matrine
had no significant impact on albumin secretion,
but high concentrations (>140 mg/L) of matrine
decreased the albumin secretion in hepatocytes.
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Western blot data indicated that matrine at 140 mg/L
at 72 h induced protein expression of CYP2A6,
CYP2B6 and CYP3A4. Furthermore, high concentra-
tions of matrine reduced LDH and AST levels and were
cytotoxic to hepatocytes, leading to a decreased cell
viability and total protein amount. Moreover, low
concentrations of matrine, enhanced the ECOD activ-
ity and decreased the level of NO,  induced by
cytokines in human hepatocytes. Taken together, the
present study sheds novel light on the molecular
mechanisms of matrine and potential application of
matrine in hepatic diseases.
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Abbreviations

MA Matrine

ALT Alanine aminotransferase
AST Aspartate transaminase

CYP Cytochrome P

ECOD Ethoxycoumarin-O-deethylation
EROD Deethylation of ethoxyresorufin
GST Glutathione-S-transferase

LDH Lactate dehydrogenase

Introduction

Hepatitis B virus (HBV) infection presents a global
public health problem. It is estimated that more than
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350 million people worldwide, among which approx-
imately 120 million people in China, suffer from
chronic HBV infection (Wright 2006). It is the primary
cause of cirrhosis and hepatocellular carcinoma (HCC)
as well as one of the ten leading causes of death due to
hepatitis B associated liver diseases (Lok and McMa-
hon 2001). However, searching for effective therapeu-
tic strategies for HBV infection remains an unmet
need. Interferon alpha (IFN-o) and lamivudine (a
nucleotide analogue) are routine antiviral drugs that
can inhibit HBV replication. IFN-a has antiviral and
immunomodulatory effects and lamivudine is a well-
tolerated, orally administered drug that suppresses
HBV replication (Lau et al. 2000; Manns 2002).
However, the clinical application of both drugs is very
limited due to the risks of relapse after the termination
of treatment and the risk of viral mutation (Akuta et al.
2003), high cost and frequently-occurring adverse
effects (Fontaine and Pol 2001).

Matrine, one of the major bioactive components
extracted from the traditional Chinese herbal medicine
Sophora flavescens, has been recommended for treating
chronic hepatitis B and C. The chemical structure of
matrine is shown in Fig. la. Matrine was reported to
have potential anti-bacterial, anti-parasitic, anti-virus,
anti-fibrosis, anti-cancer and anti-inflammatory effects
(Li et al. 2005; Wan et al. 2009; Zhang et al. 2011; Zhao
et al. 2011; Wang et al. 2012). A systematic review of
randomized clinical trials was conducted to evaluate the
effects of matrine on chronic hepatitis B (Liu etal. 2003).
These results lend support to the conclusion that matrine
possesses antiviral activity, by affecting liver biochem-
ical parameters and by improving disease symptoms and
signs. Although matrine is widely used in clinic to treat
HBV infection, the mechanisms remain largely
unknown. Therefore, the present study was designed to
investigate the pharmacological effects and molecular
mechanisms of matrine in human hepatocytes.

Materials and methods

Isolation, culture and treatment of primary human
hepatocytes

Human hepatocytes were isolated from biopsies
(n = 38) obtained from patients undergoing partial
liver resections as therapy due to primary or secondary
liver tumors. Liver tissues were collected according to
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Fig. 1 Effect of low concentrations of matrine on the metabolicp
functions of primary human hepatocytes. a The chemical
structure of matrine. b Albumin secretion in human hepatocyte
cultures treated with different concentrations of matrine (0, 7,
14, 21, and 140 mg/L) was measured in the supernatant at days
1,2, 3,5 and 7 after the cells were seeded. Each value represents
the mean of triplicates of 3 individually performed experi-
ments = SD. (*, P < 0.05 vs control group at the same day)
¢ The activity of ECOD-associated CYP enzymes induced by
PB (2 mM), matrine (7, 14, 21 and 140 mg/L) or a combination
of matrine and PB. The values represent the mean of
triplicates £ SD of five individually performed experiments
and are expressed as nMol/L (*, P < 0.05 vs control (CT)).
Time and dose dependent protein expressions of CYP3A4 (d),
CYP2AG6 (e) and CYP2B6 (f) in human hepatocytes cultured
with different concentrations of matrine (upper panels). Lower
panels of d, e and f present of the statistical analysis for
expression of CYP3A4, CYP2A6 and CYP2B6. (*, P < 0.05 vs
control)

institutional guidelines with the approval of the local
ethics committee and with informed consent of the
donors. After resection for medical reasons, a small
piece of liver tissue (1040 g) was immediately taken
from the operation room and transferred to the
laboratory in a sterile ice-cold culture medium. Only
samples of macroscopically normal tissue were used
for the isolation of hepatocytes. Classification for liver
resection was: hepatocyte carcinoma (n = 14), metas-
tasis tumor (n = 13) and other liver diseases
(n = 11). A two-step collagenase perfusion of the
liver tissue was performed (Dorko et al. 1994). The
viability of the isolated hepatocytes was determined
by trypan blue exclusion test. A viability of 80-90 %
was achieved. Freshly isolated hepatocytes were
seeded into collagen (1 %, Nycomed GmbH, Munich,
Germany) pre-coated 12-well culture plates at a
density of 0.5 x 10° cells/well. Hepatocytes were
left untreated for at least 18 h at 37 °C, and 5 % CO,
in an incubator, allowing cell attachment. The
medium was changed on the following day to remove
unattached cells. The cells were routinely examined
by phase contrast microscopy and the culture medium
(Human Hepatocyte Maintenance Medium, Primacyt
GmbH, Schwerin, Germany) was replenished every
24 h (Nussler et al. 1994). The supernatants and cell
pellets were collected at the indicated time points and
stored at —20 °C for further assays.

Matrine injection solution, 35 mg/2 mL/ampoule,
was produced by Kangpu Pharmacy (Hunan, China).
In the clinic, patients received matrine injection of
35-70 mg per day per patient. The volume of the
blood in the body is about 5,000 mL, so the initial
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concentration of matrine in the blood is about
7-14 mg/L. In this study, we used the following
concentrations of matrine: 7, 14, 21 mg/L (three times
to clinical dose) and 140 mg/L (ten times to clinical
dose). We chose also very high concentrations of
matrine (250, 500 and 1,000 mg/L) for the toxicity
experiment of matrine. When we used the low
concentrations of matrine (7, 14, 21 and 140 mg/L),
the hepatocytes were cultured with them immediately
after isolation. High concentrations of matrine were
added 18-24 h after isolation. The hepatocytes of the
control group were cultured only with William’s E
medium (Invitrogen, Karlsruhe, Germany).

Measurement of LDH and AST

To evaluate the protective effects of matrine on
primary human hepatocyte cultures, lactate dehydro-
genase (LDH), and aspartate transaminases (AST) as
signs for membrane leakages were measured. LDH
(kit: NobiFlow LDH-UV, #Fa Nobis 034570, HITA-
DO Diagnostic Systems, Mohnesee-Delecke, Ger-
many) and AST (kit: NobiFlow AST-UV, #Fa Nobis
034545, HITADO Diagnostic Systems) were mea-
sured using kinetic UV-method test kits according to
the manufacturer’s instructions.

Albumin measurement

The continuous secretion of albumin from hepatocytes
cultured with or without matrine was measured by an
enzyme-linked immunosorbent assay (ELISA) using a
Urinary Albumin kit (WAK-Chemie Medical GmbH,
Steinbach, Germany). The ELISA was performed
according to the manufacturer’s instructions and to a
previous report (Katenz et al. 2007).

MTT assay

MTT assay was used to examine the effect of matrine
on cell viability of hepatocytes. In brief, freshly
isolated primary human hepatocytes were plated into
collagen-coated 96-well culture plates at a density of
0.05 x 10° hepatocytes/well. Cells in control wells
were killed with 2 pL. 10 % Triton X-100, 15 min
before pipetting the reagent. 20 pL of the CellTiter
96® AQueous One Solution Reagent (Promega, Mad-
ison, WI, USA) was added into each well of the
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96-well plate containing the samples, controls and
blanks in 100 pL of culture medium. Then the plates
were incubated for 4 h at 37 °C in a humidified
incubator (95 % air and 5 % CO,). The absorbance
was then detected at 490 nm using a 96-well plate
reader (Anthos htll, Labtec, Salzburg, Austria).

Phase I enzyme activities

To evaluate the influence of matrine on phase I enzyme
activity of the isolated human hepatocytes, specific
enzymological assays, such as deethylation of ethoxy-
resorufin (EROD) and ethoxycoumarin-O-deethylation
(ECOD), were determined. ECOD was measured in
monolayer culture over the culture period according to a
protocol published by Fry et al. (1980). Briefly, the
hepatocytes were induced by addition of 2 mM Pheno-
barbital (Sigma, Taufkirchen, Germany) or/and matrine
(7, 14, 21 and 140 mg/L). The medium was replaced
daily for three consecutive days. At the indicated time
point the cultured hepatocytes were washed once with
0.01 M PBS and supplied with fresh culture medium
without the inducer and incubated for 30 min to allow
equilibration. Then hepatocytes were incubated for 2 h
at 37 °C with 25 pM ethoxycoumarin (Sigma, Taufkir-
chen, Germany) and 1.5 mM salicylamide (Sigma,
Taufkirchen, Germany), which was added to the
medium to prevent conjugation of 7-hydroxy metabo-
lites of 7-ethoxycoumarin (Burke and Orrenius 1978).
The culture medium served as control and the standard
curve was generated by culture medium spiked with
7-hydroxycoumarin ranging from 15.625 to 1,000 nM.
After incubation the 7-hydroxycoumarin formation was
measured using a Fluorescent Galaxy plate reader
(MTX Lab Systems, Vienna, VA, USA) at an excitation
of 390 nm and an emission wavelength of 460 nm.
ECOD activity was calculated from the standard curve
and expressed as formed 7-hydroxycoumarin in nMol/L
(Burke and Mayer 1974). For EROD activity, 3-meth-
ylcholanthrene (3-MC,2.5 uM; Fluka Chemie GmbH,
Buchs, Switzerland) was used instead of Phenobarbital
and data were collected by the reader at an excitation
wave length of 544 nm and an emission wavelength of
590 nm.

Urea measurement

The ammonia produced through amino acid deamina-
tion can be detoxified by the reaction with CO2
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forming urea. Therefore, the rate of urea synthesis is a
good prognostic indicator of liver function (Watts
et al. 1995). The urea synthesis rate was determined
using a urea-Glutamatdehydrogenase (GLDH)-
method kit (HITADO Diagnostic Systems) according
to the manufacturer’s instructions.

Western blot analysis

Primary human hepatocytes were isolated and 10 mL of
the cell (cells number about: 7 x 10°) suspension were
seeded into 100 mm Petri dishes and treated with or
without matrine. At each time point, cultured hepato-
cytes were harvested. Then lysates were separated using
SDS-PAGE and electrophoretically transferred to a
polyvinylidene difluoride membrane (Bio-Rad, Munich
Germany). Membranes were blocked in Tris-buffered
saline with 5 % milk and 0.05 % Tween 20 and probed
with primary antibodies at 4 °C overnight. The follow-
ing antibodies were used at a dilution of 1:1,000 unless
otherwise indicated: anti-CYP1Al and anti-CYP1A2
(Chemicon, Temecula, CA, USA); CYP2A6 and
CYP3A4 (Affinity Bioreagents, Weinheim, Germany);
CYP2B6 (Diagnostica Vertriecb GmbH, Eching, Ger-
many); CYP2E1 (Calbiocom—Merck KGaA, Darms-
tadt, Germany); p-Actin (Sigma, Deisenhofen,
Germany). Appropriate horseradish peroxidase-conju-
gated secondary antibodies (Amersham, Freiburg, Ger-
many) were used for detection with the ECL regents
(Forevergen Biosciences, Guangzhou, China). For
quantification, intensity of individual bands was quan-
tified using the Image] densitometry software, and
expressed relative to Actin signals, as a measure of
protein relative abundance in the different samples.
Control groups were set to 1 for relative ratio analysis.
Statistical data were shown as mean + SEM.

Nitrite measurement

Human hepatocytes were stimulated with 1.6 U/mL
recombinant human IL-1B (Cistron, Pine Brook, NJ,
USA), 166 U/mL recombinant human TNF-o (Gen-
zyme, Cambridge, MA, USA) and 33 U/mL recombi-
nant human IFN-y (Amgen, Thousand Oaks, CA, USA),
along with 3.3 mg/mL LPS (E. coli 0111:B4, Sigma)
with or without matrine added at different time points as
shown in Fig. 3a. Briefly, there were four different
groups as follows: (a) cells were stimulated by CM for
20 h and later by matrine for 4 h (this group was

designed as control); (b) 12 h before exposure to
matrine, the cells were stimulated by CM for 12 h;
(c) CM and matrine were added to the cultured cells at
the same time and incubated for 12 h; (d) hepatocytes
were stimulated by CM for 12 h after the cells were
exposed to matrine for 12 h. After incubation at 37 °C
and 5 % CO, for 24 h, the supernatants were collected
for determination of nitrite/nitrate levels. The content of
nitrite was assessed as described elsewhere (Marzinzig
etal. 1997). Samples (150 pL) were mixed with 75 pL.
ice-cold 4,4’-diamino-diphenylsulfone; 14 mM in 2 N
HCI (dapsone; from Merck, Darmstadt, Germany), then
75 puL NED [N-(1-Naphthyl)ethylenediamine dihydro-
chloride; from Merck, Darmstadt, Germany; 4 mM
in H,O] was added and the mixture was incubated at
room temperature for 5 min. Light absorption was
measured at 550 nm. Nitrite levels were calculated from
NO,~ standard curves (0.2-100.0 mM). Results were
expressed as tM/5 x 10° cells/24 h.

Statistical analysis

All experiments were performed in triplicates and
repeated separately for at least three times. Signifi-
cance of differences was determined by using the non-
parametric Mann—Whitney Test (SPSS statistics pro-
gram, version 10.0). Values are expressed as mean =+
standard deviation (SD). Statistical significance was
established at a P value < 0.05.

Results

Effect of low concentrations of matrine
on the metabolic functions of primary human
hepatocytes

Albumin is a major plasma protein secreted by
hepatocytes (Dufour et al. 2000). Hepatocytes cultured
without matrine showed a continuous albumin secre-
tion over 7 days (Fig. 1). Hepatocytes cultured with
7 days). Hepatocytes cultured with 7, 14, 21 mg/L
matrine also secreted albumin at a stable rate. Hepa-
tocyte cultured with 140 mg/L of matrine secreted the
same amount of albumin at day 1, but a rapid decline
was observed over the next days, which persisted until
the end of the observation period (Fig. 1b).

The result of the ECOD assay in human hepatocytes
is shown in Fig. 1c. The hepatocytes were exposed to
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the ECOD inducer, phenobarbital (PB), for 72 h as
positive control. We observed that the presence of PB
caused a robust increase in ECOD-associated CYP
enzymatic activity. Matrine induced ECOD-associated
CYP enzymatic activity in a dose-dependent manner.
The combination of matrine and PB act in synergy to
increase ECOD activity compared with the single use
of either agent. These findings were observed for the
four low concentrations of matrine used.

Furthermore, the EROD assay mainly reflects the
activity of CYP1A in hepatocytes. The basal and
induced CYPIA activity of human hepatocytes were
measured in the presence or absence of 3-methylcho-
lantren (3-MC) and matrine. No differences of EROD
were observed between the control group and the
groups stimulated by the single use of matrine (data
not shown). In addition, no significant difference was
also observed in the LDH level and secretion of AST
between these groups. Using the MTT assay, we
determined that the number of viable cells was not
statistically different among the groups at the same
day. Also, the total amount of cell protein and the
formation of urea presented no significant differences
among the groups.

Next, we examined the CYP protein expression by
Western blot from 3 different donors. As shown in
Fig. 1d, intense protein expression of CYP3A4 was
observed in the control group at 12 and 24 h. At 72 h
the CYP3A4 intensity tended to decrease. Matrine
treated groups expressed the same level compared to
the control group at 12 h and comparable levels at 24 h.
At 72 h, the intensity of the bands in the matrine groups
were stronger, concurrent with the increase of dose of
matrine used. Highest expression was achieved with
140 mg/L of matrine. Similarly, matrine (at 140 mg/L)
markedly induced CYP2A6 (Fig. le) and CYP2B6
(Fig. 1f) expression at 72 h. Statistical analysis of the
expression of CYP3A4, CYP2A6 and CYP2B6 are
shown in the lower panels of Fig. 1d, e and f. These
results suggested that CYP3A4, CYP2A6 and CYP2B6
were significantly induced after treatment with matrine
(140 mg/L) for 72 h, suggesting the role of matrine in
regulating CYP450 enzyme systems.

Effect of high concentrations of matrine
on primary human hepatocytes

To examine whether high concentrations of matrine
have cytotoxicity on human hepatocytes, we incubated
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hepatocytes with three different concentrations of
matrine (250, 500 and 1,000 mg/L). In Fig. 2, we
observed that high concentrations of matrine damaged
the membrane system of hepatocytes and led to
elevation of LDH release at day 2 and day 6. Next,
at day 2, levels of AST were lowered for all treatment
groups of matrine, compared to the control group. At
day 4, the level of AST was lowered only in the groups
of 250 and 500 mg/L matrine. But at day 6, AST levels
of all treatment groups did not show significant
differences (Fig. 2b). MTT test was used to determine
the cytotoxicity of high concentrations of matrine on
hepatocytes. No statistically significant differences
were observed at the onset of cell culture. However,
from day 4 on, 1,000 mg/L of matrine visibly led to a
significant loss of viability observed by phase-contrast
microscopy (Fig. 2¢). Higher concentrations of ma-
trine influenced the total protein amount of hepato-
cytes. In the 1,000 mg/L matrine group, the amount of
protein on the 4th and 6th day was lower than in the
control group on the same day (P < 0.05 vs control
group on the same day, Fig. 2d). These data indicated
that high concentrations of matrine (>1,000 mg/L) are
toxic to hepatocytes.

Effect of matrine on the nitrite levels in human
hepatocytes induced by a combination of cytokines

Nitric oxide (NO) plays an important role in liver
homeostasis and diseases, and its production is
paradoxically implicated in both cytoprotection and
cytotoxicity (Taylor et al. 1998). In this study, we
investigated the effect of matrine on the nitrite levels
induced by a mixture of cytokines (CM). The mixture
contained TNF- o (166 U/mL), IFN-y (33 U/mL), IL-
1B (1.66 U/mL) and LPS (3.3 mg/mL). Four types of
stimulations were outlined as below: (a) cells were
stimulated by CM for 20 h and later by matrine for 4 h
(this group was designed as control); (b) 12 h before
exposure to matrine, the cells were stimulated by CM
for 12 h; (¢) CM and matrine were added to the
cultured cells at the same time and incubated for 12 h;
(d) hepatocytes were stimulated by CM for 12 h after
the cells were exposed to matrine for 12 h (Fig. 3a). At
the indicated time points, the culture supernatants
were collected and the nitrite levels were determined
based on the Griess reaction (Marzinzig et al. 1997).
The level of nitrite in the CM group was significantly
higher than that in the unstimulated group. As shown
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Fig. 2 Effect of high concentrations of matrine on primary
human hepatocytes. Aspartate aminotransferase (AST) and
lactate dehydrogenase (LDH) enzyme activities were measured
in culture supernatants with commercially available test kits.
a The levels of LDH of hepatocytes treated with different
concentrations of matrine over 6 days. Each value represents the
mean of triplicates of 3 individually performed experi-
ments £ SD. (¥, P < 0.05 vs control group at the same day).
b The levels of AST of hepatocytes treated with high
concentrations of matrine for 6 days. Each value represents the

in Fig. 3b, if cells were exposed to matrine for only
4 h, the level of nitrite after CM stimulation would not
be suppressed, excluding some unknown possibility of
chemical interference by matrine. When the cells were
cultured with matrine at 140 mg/L in the other three
groups, the level of nitrite was suppressed (Fig. 3c, d,
e); especially, when matrine was added at the same
time as the CM for 12 h (c treatment group indicated
in Fig. 3a) or added before addition of CM for 12 h (d
treatment group indicated in Fig. 3a), the levels of
nitrite were significantly lower than for the CM control
group (Fig. 3d, e). These results indicate that matrine
could decrease the inflammatory responses caused by
CM in hepatocytes.

Morphological presentation of human hepatocytes
cultured with different concentrations of matrine

As depicted in Fig. 4a, we observed that hepatocytes
showed a typically hexagonal shape after being cultured
for 6 days with low concentrations of matrine (14, 21
and 140 mg/L). We could clearly observe cell—cell
contacts, evidenced by white lines between the cells.
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mean of triplicates of 3 individually performed experi-
ments £ SD and is expressed as U/l/day. (*, P < 0.05 vs control
group at the same day). ¢ Results of the MTT test performed in
human hepatocytes, which were treated with high concentrations
matrine for 6 days. Each value represents the mean of triplicates
of 3 individually performed experiments + SD. (*, P < 0.05 vs
control cultures at the same day) d The amount of total cell
protein was determined. The hepatocytes were cultured with high
concentrations of matrine. Each value represents the mean £ SD
of triplicates. (*, P < 0.05 vs control cultures at the same day)

No obvious pathological findings were expressed. In
Fig. 4b, hepatocytes showed normal morphological
characteristics only in the control group, when cultured
for 6 days. After treating the cells with high concen-
trations of matrine (250, 500 and 1,000 mg/L), we
observed that the cell morphology obviously changed
during the culture period, with concomitant cell
detachment. In addition, there were many bright and
transparent vesicles in the cytoplasm. These phenom-
ena were more obvious with the increase of the matrine
concentration. These data suggest that low concentra-
tion of matrine is protective and high concentration is
toxic for hepatocytes in culture.

Discussion

In this study, primary human hepatocytes was used to
elucidate the protective role of a Traditional Chinese
Medicine—matrine. We found that high concentra-
tions of matrine decreased the albumin secretion in
hepatocytes, upregulated the protein level of CYP2AG,
CYP2B6 and CYP3A4 and reduced LDH and AST
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Fig. 3 Effect of different
concentrations of matrine on
the nitrite levels in human
hepatocytes induced by a
combination of cytokines
(CM). a Schematic diagram
of the setup of the
experiments. b CM
stimulation of hepatocytes
for 20 h before matrine
treatment; ¢ CM stimulation
of hepatocytes for 12 h
before matrine treatment;

d CM and matrine given at
the same time; e CM was
given after matrine
treatment for 12 h. CT
means control; M14 means
with matrine at 14 mg/L;

M 140 means with matrine at
140 mg/L. Each value
represents the mean + SD
of triplicates (*, P < 0.05 vs
CM control group)

Stimulated at the same time

levels. Furthermore, we demonstrated that low con-
centrations of matrine enhanced the ECOD activity
and decreased the level of NO, ™ induced by cytokines

in human hepatocytes.

In the last decades matrine has been one of the most

important drugs to treat viral hepatitis in China.
Although many experiments were made with animals,
the mechanisms of its effects are not yet elucidated.

Isolated human hepatocytes are the ideal source for
bio-artificial liver support
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transplants and pharmacological and toxicological
studies (Morsiani et al. 2002; Horslen and Fox 2004;
Lloyd et al. 2004). Unlike immortalized cell lines, the
specific functions are retained in freshly-isolated
primary human hepatocytes in vitro, including albu-
min secretion and cytochrome P450 inducibility.
Cultured hepatocytes are capable of secreting a large
number of different proteins into the culture medium.
Among these proteins, albumin is one of the most
abundant. Isolated hepatocytes can synthesize and
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Fig. 4 Morphological changes of human hepatocytes cultured
with different concentrations of matrine. a Light microscopic
morphology of human hepatocytes treated with low concentra-
tions of matrine (14, 21 and 140 mg/L, the selection of dosages
was not even, usually 5 or 10 times of change) at the 6th culture

secret albumin for a few days in vitro (Weigand and
Otto 1974; Miranda et al. 2009). According to the
results of this study, the isolated human hepatocytes
retained the property of secreting albumin during seven
culture days and the quantity of albumin in culture
supernatants was stable. Low concentrations of matrine
(7-21 mg/L) did not influence the albumin secretion,
but the quantity of albumin declined rapidly in the group
cultured with 140 mg/L matrine. That means matrine
decreased the ability of hepatocytes to secret albumin
when its concentration was higher than 140 mg/L.
CYP is the principal enzyme system for the metab-
olism of exogenous compounds. These enzymes are
mainly located in the liver (Nebert and Russell 2002).
The expression of the major CYP proteins is a
qualitative marker to determine whether or not the
isolated and cultured cells can be used to study various
aspects of liver related diseases or for the analyzing of
drug metabolism (Frye et al. 2006). Today more than 30
human isoenzymes are identified, the major human CYP
isoforms involved in drug metabolism are CYP1A2,
CYP2A6, CYP2El and CYP3A4. Among these,
CYP3A4 is the most abundant: it catalyzes the metab-
olism of approximately 50 percent of therapeutic agents
(Tang and Stearns 2001). Actually, we have investigated
six types of CYP protein using western blot: CYP1A1,
CYP1A2, CYP2A6, CYP3A4, CYP2E], and CYP2B6.
The results show that matrine induced human hepato-
cytes to express CYP1A2 (Supplemental Figure 1),
CYP2A6, CYP2B6 and CYP3A4 (Fig. 1d, e, f), while

B control group martrine 250mg/L

matrine 500mg/L  martrine 1000mg/L

day. b Human hepatocytes on the 6th culture day treated with
high concentrations of matrine (250, 500 and 1,000 mg/L),
shown under the light microscope. 320 x times magnified.
Scale bar 20 pm

the expression of CYP2E1 (Supplemental Figure 2) and
CYPIALI (Supplemental Figure 3) was not induced. In
general, matrine could induce CYP450 in hepatocytes.
Previous reports show that down regulation of CYP (like
CYP2A6) may be related to inflammation caused by
HBYV and HCYV infection (Gripon et al. 2002; Hara and
Adachi 2002; Jover et al. 2002). Our results showed that
low concentration of matrine (140 mg/L) would
increase the protein level of some CYP proteins (like
CYP2A6), indicating the protective effect of matrine on
cultured hepatocytes. Further study is needed to clarify
if this function is of benefit or harmful to patients.
AST and LDH are cytosolic enzymes, which are
present in little quantities in serum under normal
conditions (Skibba and Gwartney 1997). The degree
of cell injury caused by toxic substances or by the long
culture time can be estimated through the leakage of
enzymes, like LDH and AST (Takahashi et al. 2009).
In the present study we found that LDH increased on
culture day two along with the concentration of
matrine and showed significantly higher levels than
in the control group at the same day (Fig. 2, P < 0.05).
The result contradicts other publications, which stated
that matrine used at the same concentrations did not
damage the membrane system of rat hepatocytes (Si
et al. 2001). The result of AST level after the cells
treated with high concentrations of matrine do not
accord with the result of LDH except for the group
treated with 1,000 mg/L matrine. LDH and AST are
markers of cell injury (Baur et al. 1975). LDH enzyme
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release is a reliable indicator for the degree of the cell
membrane damage while AST is an index for mito-
chondrial damage since 80 % of them are AST is
located in the mitochondria (Zimmerman et al. 1965).
From the result shown in Fig. 2b, AST level only
increased on day 6 under the treatment of matrine of
1,000 mg/L, indicating that only higher concentra-
tions of matrine present for a longer period can matrine
damage the mitochondrial membrane. We suggest that
AST and LDH may come from different parts of
hepatocyte, which resulted in the different increase
patterns of AST and LDH.

The increasing evidence proves that nitric oxide
(NO) is one of the most versatile mediators in the
control of viral infections, being the earliest antiviral
response of the host (Torre et al. 2002). It also takes
part in the pathogenesis of many human infectious
and inflammatory diseases, acting as pro-apoptotic
inducers in some cell types or as an anti-apoptotic
modulator in other cell types including hepatocytes
(Zamora et al. 2000). NO also led to liver necrosis,
immunomediated liver damage, and DNA fragmen-
tation by blocking mitochondrial function and
depleting cellular pyridine nucleotides (Carnovale
et al. 2000). Excessive NO production and increased
iNOS induction in the liver are reported in chronic
liver diseases (Sen et al. 2002). The present study
shows that 140 mg/L matrine can lead to a decrease
of the level of NO in isolated human hepatocytes,
which are induced by a mixture of cytokines TNF-a,
IFN-v, IL-1 and LPS, suggesting that matrine might
alleviate inflammatory reactions and possibly protect
hepatocytes. This could perhaps be one of the
mechanisms of matrine acting against hepatitis and
as such is of great interest for further investigations
at a larger scale.

Taken together, the present study demonstrates that
low concentrations of matrine (7-140 mg/L) have no
obvious negative effects on primary human hepatocytes
in culture, whereas high concentrations of matrine
(250-1,000 mg/L) exert cytotoxicity against the cells.
Our findings provide a meaningful basis for evaluating
the clinical applications of matrine in liver diseases.
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