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Stages of activation of hepatic stellate cells: effects of ellagic acid,
an inhibiter of liver fibrosis, on their differentiation in culture
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Abstract. To further explore that hepatic stellate cell (HSC) activation results in physi-
ological protection against environmental insult, the profile of differentiation of HSC
has been examined upon treatment with ellagic acid (EA), a plant-derived antioxidant
that shows multiple protective effects during liver disease. Sparse rat liver cell cultures
were grown in media containing EA (3, 6, 30 and 100 pg/ml) and, as controls, without
EA, and inspected until day 7 in culture. The cells were double-labelled with anti-
bodies against glial fibrillary acidic protein (GFAP) and smooth muscle alpha-actin
(SMAA), marker proteins of quiescent and activated HSC, respectively. In EA-free
culture conditions, the quiescent (SMAA/GFAP") HSC transiently acquired a semi-
activated (SMAAY/GFAP"), phenotype and were further transformed into activated
(SMAA™/GFAP"), pleomorphic HSC. Up to a concentration of 30 ug/ml, EA induced
an early synthesis of SMAA in all HSC and inhibited their morphologic differentiation
and individual growth throughout the culture period. At a concentration of 6 pg/ml,
EA supported the semi-activated (SMAA/GFAP™) phenotype of HSC throughout the
culture period, whereas treatment with high EA concentrations (30 (g/ml) resulted in
an early loss of GFAP expression. In conclusion: (i) the uniform response of HSC to
EA by mild activation adds functional significance to cellular features preceding the
transformation of HSC to myofibroblasts; (ii) the high sensitivity of HSC to EA treat-
ment suggests their involvement in any mechanisms of protection by this antioxidant;
(ii1) the maintenance of HSC morphology might be one of the factors playing a role
in the prevention or slowing down of liver fibrosis; (iv) because the effects of EA are
concentration- and time-dependent, an arbitrary usage of this antioxidant is a matter
of potential concern; (v) the various patterns of HSC activation observed might
correspond to distinct activities of these cells, which, in turn, might lead to different
outcomes of liver fibrosis.

INTRODUCTION

Ellagic acid (EA), a gallic acid dimer, is generated by hydrolysis of ellagitannins. This anti-
oxidant is present in fruit berries, edible nuts, grapes, Brazilian and Paraguayan collections of
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Lafoensia pacari (Lythraceae), green tea, and the stem bark of Eucalyptus globulus (Stoner &
Mukhtar 1995; Gastonguay ef al. 1998; Solon ef al. 2000; Kinjo ef al. 2001 Kim ef al. 2001).
Due to its high therapeutic potency based on its various metabolic activities, EA is widely used
in folk medicine. As a metal-binding compound, EA suppresses nickel-induced biochemical
alterations in kidney and liver (Ahmed efal. 1999). It attenuates the activity of N-acetyl
transaminase and decreases the N-acetylation of carcinogens in several tissues (Lin ef al. 2000).
EA has been reported to inhibit tumorigenesis via several mechanisms including the enhance-
ment of glutathione peroxidase, catalase, quinone reductase and glutathione-S-transferase activ-
ities (Mukhtar ef al. 1984; Stoner & Mukhtar 1995). Examination of chemical analogues of
EA showed that different portions of the ellagic acid molecule are responsible for its different
putative anti-carcinogenic activities (Barch ef al. 1996). This antioxidant also shows anti-
inflammatory activity (Stoner & Mukhtar 1995) and, along with other antioxidants such as
retinoic acid, retinol, beta-carotene, canthaxanthin, and ascorbic acid, it reduces instability of
chromosomes (Stich et al. 1990). It also protects isolated rat hepatocytes by inhibiting t-butyl
hydroperoxide-induced lipid peroxide formation and the generation of superoxide anions (Singh
et al. 1999a,b). These influences of EA on regulatory mechanisms (that may break down under
stress) seem to be reflected in its various effects shown at cellular and subcellular levels (Ahn
et al. 1996; lakovleva et al. 2001). Though EA has been shown to inhibit carbon tetrachloride-
induced liver fibrosis in rats (Thresiamma & Kuttan 1996; Singh ef al. 1999a), the influence of
this commonly consumed antioxidant on the phenotypic modulation of hepatic stellate cells
(HSC), which are in a strategic position to control the blood-borne signals, has not previously
been investigated.

The general anatomy of HSC is similar to that of other glial fibrillary acidic protein (GFAP)-
positive cells (for example, astrocytes), that are known to protect organ-specific homeostasis by
inducing various protective features of the blood—tissue interface. In healthy brain, astrocytes
contribute to the establishment of a prophylactic, protective blood—tissue barrier supporting
brain-specific homeostasis necessary for neuronal function. Glomerular podocytes, the GFAP-
positive cells of the kidney participate in permeability-limiting ultrafiltration. Though podocytes
lack immediate contacts with parenchymal cells, i.e. renal tubule cells, they nonetheless, show
protective features common to astrocytes and participate in renal homeostasis via control of the
composition of primary urine running into the tubules (Buniatian ef al. 2002). By contrast, the
fenestrated nature of healthy liver sinusoids and low sensitivity threshold of quiescent HSC to
xenobiotics reflect the liver-specific function of detoxification performed by hepatocytes. In
healthy liver, HSC possess features characteristic of differentiated astrocytes. (Buniatian ef al.
1999, 2001).

Numerous studies have demonstrated that, during liver injury, HSC undergo phenotypic
transformation into extracellular matrix-producing, myofibroblast-like cells which proliferate in
response to signals originating from inflamed regions (for reviews, see Friedman 1999; Gressner
2001; Kmiec 2001; Reeves & Friedman 2002). Activation of HSC during pathological situations
raises the question of whether this reaction of HSC supports the protective response of the
blood-liver interface to external pathologic influences, or, as is traditionally considered, it
appears to be the priming mechanism initiating liver fibrosis. Previous results demonstrating that
HSC differentiation leads to an acquisition of features common to undifferentiated smooth
muscle alpha-actin (SMAA)-positive myofibroblast-like astrocytes have raised doubts concerning
the deleterious influences of activated HSC (for review, see Buniatian 2001). The reaction of
HSC to EA, an antioxidant that possesses a protective influence during liver diseases, might
provide information concerning the cellular mechanisms of protection underlying the recovery
from liver diseases.

© 2003 Blackwell Publishing Ltd, Cell Proliferation, 36, 307-319.
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MATERIALS AND METHODS

Animals and reagents

Sprague-Dawley rats were purchased from Interfauna (Tuttlingen, Germany). EA was purchased
from Sigma (Deisenhofen, Germany). Rabbit anti-bovine GFAP antiserum was purchased from
Dacopatts (Glostrup, Denmark), monoclonal antibody (MAb) against SMAA, clone ASM-1
(mouse IgG2a), from Progen (Heidelberg, Germany), and fluorescein isothiocyanate (FITC)-
labelled goat anti-rabbit IgG from Sigma. Cy3-conjugated goat anti-mouse IgG was obtained
from Dianova (Jackson Immunoresearch, West Grove, PA, USA). The sources of other reagents
are specified elsewhere (Buniatian et al. 2002).

Methods

Preparation of control cultures As a source of HSC, sparse hepatocyte primary cultures were
used. Such cultures are advantageous in investigating the profile of cell differentiation over a
relatively short period of time and examining the behaviour of HSC and hepatocytes under the
same conditions. Hepatocytes were isolated from rat liver by a modification (Gebhardt et al.
1990) of the two-step collagenase perfusion technique (Seglen 1976) and were purified by
differential centrifugation (Seglen 1976; Gebhardt et al. 1990). Such preparations are always
contaminated by a small population of HSC, demonstratable by staining for GFAP (Buniatian
et al. 1996a). For culture, the cells were suspended in 90% William’s Medium E/10% foetal calf
serum containing 2 mM glutamine, 50 U/ml penicillin and 50 pg/ml streptomycin sulphate.
Three millilitres of cell suspension containing 1 million viable cells/ml were transferred into
plastic Petri dishes (60 mm in diameter) containing cover-slips (18 mm x 18 mm) and incubated
at 37 °C in a humidified atmosphere containing 5% CO, in air. In control cultures, 4 h after
inoculation, the medium was changed to serum-free William’s Medium E containing 2 mm
glutamine, 0.1 mM dexamethasone and antibiotics as above. The serum-free medium was
renewed daily.

Preparation of EA-supplemented cultures In this series of experiments, 4 h after inoculation of
liver cells, the medium was changed to serum-free Williams E culture medium supplemented
with EA. EA was dissolved in 100% dimethylsulfoxide (DMSO) to give a stock solution con-
centration of 1 mg/ml. Portions of this solution were transferred to William’s Medium E to give
final concentrations of EA of 100, 30, 6 and 3 pug/ml. Cell growth was stopped after each 24 h
during the next 7 days, by washing the cultures with phosphate-buffered saline (PBS) at room
temperature, followed by methanol fixation at —20 °C for 10 min.

Double-labelling immunofluorescence analyses

Cell cultures After fixation in ice-cold methanol, cells were washed with PBS at room temper-
ature and exposed to a mixture of anti-GFAP antiserum (dilution 1:100) and MAb SMAA
(dilution 1 : 100). Subsequently, the cells were incubated for 2 h at 4 °C in a humid environment
and washed twice for 15 min with PBS — 0.1% (w/v) Triton X-100. The cells were exposed for
1 h to the mixture of secondary antibodies: fluorescein isothiocyanate-labelled goat anti-rabbit
IgG (dilution 1 : 100) and Cy3-conjugated goat anti-mouse IgG (dilution 1 : 800). All antibodies
were diluted with PBS. After washing twice in PBS, the cells were mounted in 50% glycerol.
In control procedures, the labelling with primary antibodies was omitted. Microscopy was
performed using a Zeiss fluorescence microscope (IM-35).

© 2003 Blackwell Publishing Ltd, Cell Proliferation, 36, 307-319.
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RESULTS

Definition of HSC phenotype followed the established functional classification of HSC, i.e. qui-
escent and activated, corresponding to early and late stages of HSC differentiation. To determine
the phenotype of HSC, the presence of established functional marker proteins was investigated:
GFAP (Buniatian ef al. 1996a) and SMAA (Johnson et al. 1992), the marker proteins of quies-
cent and activated HSC, respectively. According to this functional classification and because in
the intermediary stage of differentiation the cells show a mixture of features characteristic of
quiescent and activated HSC (Nanni et al. 2002), the cells expressing both GFAP and SMAA
were designated as semi-activated.

HSC of quiescent SMAA/GFAP" phenotype

Previous studies (Buniatian et al. 1996b) showed that, during the first day of culture, HSC
expressed GFAP and lacked SMAA (i.e. were SMAA/GFAP"). A similar result was obtained
in this study: whether culture medium were supplemented with EA or not, the HSC possessed
well-developed processes extending from a small cell body and expressed solely GFAP (not
shown).

HSC of semi-activated SMAA*/GFAP" phenotype

Control cultures After 2 days of culture in EA-free medium, in addition to the cells containing
solely GFAP, a small population of cells was observed that responded to the culture conditions
by semi-activation, illustrated by the maintenance of the GFAP cytoskeleton and de novo expres-
sion of SMAA. Thereafter, and up until day 4, a high proportion of GFAP-positive HSC (Fig. 1a)
expressed SMAA (Fig. 1b). The semi-activated phenotype of HSC dominated during a short
period of differentiation in culture (day 3—4) and was characterized by process-bearing morph-
ology and moderate enlargement of the cell body, visualized not only by staining for GFAP but
also for SMAA (cf. Fig. 1a with Fig. 1b). Diverse arrangement of the GFAP cytoskeleton was
characteristic of HSC of 3—4-day-old-control cultures: in some cells, GFAP was distributed
throughout the cytoplasm, in others the area of GFAP reaction was strongly reduced.

EA-treated cultures In 2-day-old liver cell cultures grown in EA-supplemented medium (6 and
30 wg/ml) the GFAP-positive cells showed de novo expression of SMAA. Figure 1(c) illustrates
a 2-day-old, EA-treated cell culture scattered with SMAA-positive HSC. The SMAA-positive
HSC (Fig. le) still contained GFAP filaments (Fig. 1d) and exhibited the original, process-
bearing morphology. The semi-activated phenotype of HSC induced by 6 pg/ml of EA at day 2 in
culture was maintained throughout the culture period of 7 days: the cells expressed both SMAA
and GFAP (Fig. 2a and b, respectively). In addition, the culture contained multiple hepatocytes.

HSC of myofibroblastic phenotype

Control cultures With increasing time in culture, the population of SMAA/GFAP* and
SMAA*/GFAP~ HSC was replaced by a cell population solely expressing SMAA (Fig. 2¢ and
d). After day 5 in EA-free culture, the transiently semi-activated HSC underwent changes
characterized by high variability in cell morphology and size: large, flat and irregularly shaped,
process-lacking HSC resided close to small and medium-sized SMAA-positive cells (Fig. 2¢).
In some cells, only traces of GFAP with a perinuclear localization could be visualized (cf. arrows
in Fig. 2c and d), whereas in other cells GFAP had completely disappeared. Most of these cells

© 2003 Blackwell Publishing Ltd, Cell Proliferation, 36, 307-319.
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Figure 1. Co-expression of GFAP and SMAA in early EA-free control(a—b) and EA-treated cultures(c—e). (a, b)
Staining for GFAP (a) and SMAA (b) in a 3-day-old EA-free culture. (¢) De novo expression of SMAA in a 2-day-old
culture treated with EA (up to 30 pug/ml). (d, e) Co-expression of GFAP and SMAA in an early, EA-treated culture. In
HSC from 2- to 3-day-old control cultures, the area of SMAA reaction and the size of the cells are greater, compared
with those treated with EA. (cf. b with e). Double-labelling was performed as follows: antiserum against GFAP and
fluorescein isothiocyanate-conjugated anti-rabbit IgG from goat (a, d); MAb SMAA and Cy3-conjugated anti-mouse
1gG from goat (b, d, ¢). Bar=50 um in a, b, d, e, and 100 um in c.

© 2003 Blackwell Publishing Ltd, Cell Proliferation, 36, 307-319.
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Figure 2. Differences in the morphology and the composition of the cytoskeletal proteins of HSC from 7-day-old,
EA-treated (a, b) and control (¢, d) cultures. During treatment with EA (6 pg/ml EA), HSC maintained their semi-
activated phenotype and stellate morphology well distinguished when stained for SMAA (a) and GFAP (b). In EA-free
medium, HSC lacked processes, were enlarged in size and expressed SMAA (c). In the perinuclear area of some of these
HSC, a barely distinguishable reaction of GFAP could be seen (arrows in ¢, d). Double-labelling was performed as fol-
lows: (a, c) MAb SMAA and Cy3-conjugated anti-mouse IgG from goat; (b, d) antiserum against GFAP and fluorescein
isothiocyanate-conjugated anti-rabbit IgG from goat. Bar = 100 pm.

© 2003 Blackwell Publishing Ltd, Cell Proliferation, 36, 307-319.
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developed dynamic locomotor organelles: lamellipodia and growth cone-like structures
(Fig. 2¢). In a 7-day-old control culture, large regions deprived of hepatocytes (Fig. 2¢ and d),
as well as areas containing conglomerates of damaged cells non-specifically staining with sec-
ondary antibodies, were seen. Heterogeneity in the distribution pattern of SMAA filaments was
characteristic of HSC grown under control culture conditions: in some cells, sparsely distributed
filaments of SMAA merged into the cell membranes strongly delineated by large amounts of
polymerized SMAA (Fig. 3a); in others, they were randomly distributed throughout the cyto-
plasm, whereas GFAP was absent or strongly down-regulated. By contrast, in HSC exposed to
EA at a concentration of 6 ug/ml, the filamentous pattern of GFAP staining was preserved and
the distribution of SMAA microfilaments was relatively dense (Fig. 3b and c, respectively).

Concentration and time-dependent effects of EA

Low EA concentration The effects of EA on the expression of GFAP were time- and concentration-
dependent. These differences were seen only after day 2 in culture. After 7 days of culture in a
medium supplemented with 3 pug/ml of EA, the cells had maintained their small size and
process-bearing morphology, as revealed by staining for SMAA and GFAP (Fig.4a and b,
respectively). In these cells, the intensity of GFAP staining was weaker than in the cells grown
in medium containing 6 pg/ml of EA (cf. Fig. 4b with Fig. 2b).

High EA concentrations After 4 days of exposure to 30 pg/ml of EA (Fig. 4c and d), the mod-
erate overall activation of HSC seen at day 2 of culture had shifted to full activation (cf. Fig. 4c
and d with Fig. 1h and 1). The treatment of liver cell cultures with high concentrations of anti-
oxidant resulted in an early loss of GFAP (Fig. 4d) from those HSC strongly expressing SMAA
(Fig. 4c). In contrast to the shapeless and flat SMAA/GFAP~ myofibroblastic cells generated
under control culture conditions, EA-treated HSC preserved their stellate morphology and small
size when stained for SMAA (cf. Fig. 4c with Fig. 3a and d). Prolonged treatment with 30 pug/
ml of EA led to significant changes in the appearance of hepatocytes: in some regions of the cul-
ture, aggregates of damaged cells which were non-specifically stained with secondary antibodies
were observed (not shown). At higher concentrations, EA showed toxic effects. Two experiments
conducted at an EA concentration of 100 ng/ml EA resulted in the disappearance of all of the
cells from the culture dish (not shown).

DISCUSSION

The result of this study was activation of HSC in rat hepatocyte primary cultures treated with
EA, a naturally occurring plant polyphenol antioxidant known to inhibit the development of liver
fibrosis in rats (Thresiamma & Kuttan 1996). The pathways of HSC differentiation during liver
fibrosis and in culture are similar in that quiescent HSC transform to myofibroblast-like cells.
Careful analysis of the dynamics of and differences in morphology and antigenicity of differen-
tiating HSC, i.e. of changes in the intracellular distribution and translocation of cytoskeletal
proteins, leading to changes in cells’ functional capacities, revealed several stages of HSC acti-
vation: (i) semi-activation characterized by de novo expression of SMAA, preserved GFAP
cytoskeleton and process-bearing morphology; (ii) full activation characterized by preserved
process-bearing morphology stabilized by densely packed filaments of SMAA and lacking
GFAP; and (iii) activation accompanied by significant changes in morphology, absence of GFAP
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Figure 3.

© 2003 Blackwell Publishing Ltd, Cell Proliferation, 36, 307-319.
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Figure 4. Concentration- and time-dependent influence of EA on HSC activation. (a, b) Co-expression of GFAP
(a) and SMAA (b) in HSC from 7-day-old culture treated with a low concentration of EA (3 ng/ml). While cells pre-
served their stellate morphology, intensity of staining of GFAP was low. (¢, d) Co-expression of GFAP (c) and SMAA
(d) in HSC from 7-day-old culture treated with a high concentration of EA (30 pg/ml). HSC preserved their small size
and extended cellular processes that are readily seen after staining for SMAA (d), however, these cells essentially lack
GFAP (c). Double-labelling was performed as follows: (a, ¢) antiserum against GFAP and fluorescein isothiocyanate-
conjugated anti-rabbit IgG from goat; (b, d) MAb SMAA and Cy3-conjugated anti-mouse IgG from goat. Bar = 100 pm
in a and b, and 50 pm in ¢ and d.

and sparse distribution of SMAA filaments. The features of semi-activated HSC transiently
acquired between the quiescent and activated state and reflecting their first response to changes
in the environmental conditions have never before been considered as an important criterion of
HSC function. However, exactly these features of HSC induced by EA appear to be functionally
relevant.

In situ studies performed on cryosections of healthy rat liver (Buniatian, unpublished results)
demonstrated the ability of HSC to remodel their cytoskeleton and to adapt their activities to
region-specific requirements as evidenced from: (i) direct contact of semi-activated HSC with
vessels of different calibre, (ii) accumulation of semi-activated HSC in regions of increased
blood pressure, and (iii) quiescent features of HSC adjacent to liver capillaries distributed
throughout the liver parenchyma. In theory, mild activation of HSC may be of a temporary char-
acter and may be easily reversed. This might explain the decrease in number of SMAA-positive
HSC accompanying the recovery from liver fibrosis (Ramm et al. 2000; Iredale 2001) and

Figure 3. Differences in the distribution of SMAA and GFAP under high power magnification. (a) EA-free culture.
Stress fibre-like arrangement of SMAA. (b, ¢) EA-treated culture (6 pg/ml EA): localization of GFAP (b) and SMAA
(c) in HSC. Some GFAP filaments are observed (b) and there is a relatively dense packing of SMAA filaments (c). Double-
labelling was performed as follows: (a, d) MAb SMAA and Cy3-conjugated anti-mouse IgG from goat; (b) antiserum
against GFAP and fluorescein isothiocyanate-conjugated anti-rabbit IgG from goat. Bar = 50 um.

© 2003 Blackwell Publishing Ltd, Cell Proliferation, 36, 307-319.
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probably associated with abating requirements for protection. The results obtained in this study
support the notion (Khan et al. 2001) that the presence of SMAA in HSC cannot be used as a
measure of progression of fibrosis: in the liver of patients with chronic hepatitis C infection,
SMAA was expressed without an obvious correlation with the severity of liver injury. Also, the
fact that SMAA is down-regulated in cultured HSC upon exposure to high concentrations of
malondialdehyde and 4-hydroxynonenal (Olynyk ef al. 2002) suggests that inactivation of HSC
cannot always be considered as a factor favouring the normalization of liver function.

Analysis of current literature reveals data that provide strength to the novel view of the
protective nature of HSC activation (Buniatian 2001). HSC proliferate in response to external
factors of different aetiology (Davis & Kresina 1996). They transform to myofibroblast-like cells
during acute liver injury (Johnson et al. 1992; Schirmacher et al. 1993) and they respond to
temporary and chronic changes in liver-specific homeostasis by activation (for reviews, see Burt
1999; Friedman 1999; Kmiec 2001). Activated HSC regulate the contractility of blood vessels
and their resistance to blood pressure (Rockey & Weisiger 1996; Thimgan & Yee 1999) and they
migrate towards loci of injury. During pathological situations, activated HSC increase the
production of extracellular matrix (ECM) proteins (for review see, Burt 1999) and remodel the
sinusoidal wall and necrotic areas (Jin et al. 2002).

Up-regulation of type | collagen and fibronectin, known to facilitate cell locomotion and
signal transduction in different tissues in culture (Nelson ef al. 1996; Schuppan et al. 2001)
seems to favour the activities of HSC and tissue repair. Interestingly, fibrillogenesis of type I and
type III collagens is regulated by the pre-existing fibronectin network and integrin receptors
(Velling et al. 2002). Conversely, fibronectin fibrillogenesis in tissue culture is dependent on the
synthesis of type I collagen (Dzamba et al. 1993). Activated HSC not only produce ECM pro-
teins but also regulate their levels via synthesis and release of a number of proteases (for review,
see Burt 1999). The protective nature of HSC activation has been indicated by de novo synthesis
of Cu/Zn-metallothionein I (MT), a powerful anti-cytotoxicity system caused by oxidative stress
present in astrocytes (Buniatian ef al. 2001). MT is known to act on both the intra- and extra-
cellular environment by regulating the levels of heavy metals and by scavenging free radicals
(Hidalgo et al. 1991). In addition, activation of HSC is accompanied by de novo synthesis of
glutamine synthetase (GS; Bode ef al. 1998), another marker protein of astrocytes. In normal
liver, GS detoxifies residual ammonia in perivenous cells by the glutamate/glutamine trans-
formation (Watford 2000). Up-regulation of both, MT and GS, is associated with an increase in the
number of neural (Frohlich & Klessen 2000) and non-neural (Arora ef al. 1998; DeMarco et al.
1999) cells and with tissue repair. This well-co-ordinated system of protective mechanisms
might explain the multiple cases of spontaneous reversal of liver fibrosis and cirrhosis induced
by different fibrogenic factors. Irreversible damage to hepatic tissue caused by durable and mas-
sive attack of harmful agents (Maros et al. 1975) may be due to the impairment of constituents
of this versatile system of protection in which activated HSC seem to play an important role.

Sparse culturing conditions affect some of the most important aspects of cell survival, i.e.
cell-to-cell communication, signal transduction and co-operation in cell response, which
together are responsible for increased rates of cell differentiation. HSC—hepatocyte and HSC—
HSC contacts are mainly based on the well-developed processes of HSC. During liver fibrosis,
the star-shaped HSC change their morphology and acquire the features of myofibroblasts (Senoo
et al. 1998). In EA-free culture, HSC lose their processes over time. Treatment of liver cell cul-
tures with both low and high EA concentrations preserves the processes of HSC. In accordance
with this observation, EA treatment of HSC has been shown to cause an enhancement of gap
junction communication (Stoner & Mukhtar 1995). In addition, EA inhibits the growth of indi-
vidual HSC, which is accompanied by changes in the SMAA- and GFAP-based cytoskeleton.

© 2003 Blackwell Publishing Ltd, Cell Proliferation, 36, 307-319.
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These influences of EA on HSC morphology might play a role in slowing down or preventing
liver fibrosis, during which the star-shaped HSC change their morphology and acquire myofi-
broblastic features of (Senoo et al. 1998).

The results of the present study are relevant because EA, side by side with its regulatory
effects exerted at moderate concentrations, may reduce the expression of GFAP in HSC at high
concentrations and cause a massive detachment of cells from their substrata. These results are in
accordance with the effects of dietary EA shown during the course of dimethylbenzanthracene-
induced multi-organ carcinogenesis in rainbow trout: at low doses, dietary EA consistently
suppressed stomach tumour development, whereas, at higher doses, it was toxic and showed a
potential for the enhancement of tumour response in other organs (Harttig ef al. 1996). Such a
large spectrum of cellular responses to different concentrations of EA prohibits an arbitrary and
uncontrolled usage of this antioxidant. Thus, the safety and the effectiveness of EA supplements
and dosages should be carefully analysed further.

Molecular mechanism(s) underlying the behaviour of HSC and hepatocytes during changes
of the environment and organ-specific homeostasis, for example, during oxidative stress, as a
result of the accumulation of reactive oxygen species and down-regulation of antioxidants,
seems to be common for both in vivo and in vitro conditions (Kim et al. 2000; Orsi & Leese
2001). The view that, in hepatic tissue, oxidative stress, accompanied by an impaired function
of hepatocytes, provides an important signal for the activation of HSC (Kim et al. 2000) is also
true for cell culture conditions. At certain concentrations, EA inhibits degeneration of hepato-
cytes and increases their survival in prolonged culture. The hepatoprotective effects of EA are
based not only on its capacity to regulate liver-specific, extracellular homeostasis by scavenging
free radical species, but also on its capacity to regulate intimate intracellular mechanisms by
direct interaction with double-stranded DNA (Thulstrup ez al. 1999; Festa et al. 2001). It has
been shown that EA attenuates the damaging effects of H,O, and bleomycin, strong inducers
of oxygen radicals, on double-stranded DNA (Festa ef al. 2001), and EA enhancement of
DNA continuity (for which type III intermediate proteins show high affinity) (Traub 1995;
Tolstonog et al. 2000), may explain the maintenance of the GFAP cytoskeleton of HSC under
non-favourable, sparse culturing conditions.
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