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Abstract

Background Lycopene is a carotenoid whose biological
activities and protective effect on prostate and breast can-
cer have been described, but little is known on its extra-
intestinal metabolism and storage. While most alimentary
lycopene is in all-trans configuration, in animal and human
tissues approximately half of the lycopene is in cis
isoforms.

Aim of study Our object was to monitor the capacity of
storage, isomerisation, and intracellular localization of all-
trans and cis lycopene in hepatic stellate cells, which are
the major sites of metabolism and storage of retinoids and
carotenoids in the body.

Methods We used the GRX cell line representative of
murine hepatic stellate cells, incubated with 1-30 pM
lycopene in culture medium. Analysis was done by high-
performance liquid chromatography.

Results Lycopene was able to induce expression of the
lipocyte phenotype and it was internalized into GRX cells.
Its cellular release only occurred in presence of albumin
with a rapid initial decrease of intracellular lycopene.
A corresponding increase in the culture medium was
observed at 24 h. All-trans, 13-cis and 9-cis lycopene
isoforms were identified in all the cell compartments. The
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membrane fraction contained the major part of lycopene,
followed by the cytoplasmic fraction, lipid droplets
and nuclei. The ratio between all-trans and cis isomers
was approximately 2/1 in the majority parts of cell
compartments.

Conclusions This study identified a novel hepatic cell
type able to store and isomerise lycopene. Liver can con-
tribute to the serum and tissue equilibrium of cis/trans
isomers of lycopene, and to participate in storage of
lycopene under high extracellular concentration such as
observed after the alimentary input.

Keywords Lycopene - Metabolism - Isomerisation -
Liver - Hepatic stellate cells

Introduction

Lycopene is an acyclic C49 nonpolar carotenoid, present in
several nutritional sources such as tomato, watermelon,
guava and apricots [3]. Although lycopene is not a provi-
tamin-A, recent studies have shown its multiple biological
activities including decreased prostate cancer risk [18],
inhibition of cell proliferation, migration and invasion in
breast, endometrial and liver carcinoma cells [1, 8-10, 24,
32], and prevention of mutagenesis and chromosome
instability [27, 34]. The mechanism(s) of these activities
are not fully understood.

Metabolism and biotransformation of carotenoids have
been investigated in vivo, but most studies were dedicated
to f-carotene and only a few ones to lycopene. Although
cis isomers reach more than 50% of the total lycopene in
human serum and tissues, lycopene is found in most food
sources as the all-trans isomer [3, 12, 38]. Isomerisation of
lycopene in the stomach as a result of the low pH can be
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only partially responsible for generation of cis lycopene
isomers [31]. The high tissue concentration of cis isomers
has raised the question of whether they may be more bio-
available and/or more bioactive than the all-trans isoforms.
This was supported by studies that showed preferen-
tial uptake of cis isomers in various tissues including
enterocytes, followed by the transfer into lymph and
the subsequent release into the systemic circulation [2].
Alternatively, lycopene isomerisation may occur within the
tissues in which it is incorporated. Significant discrepancies
among tissues were observed both for uptake, isomerisa-
tion and further metabolism of '*[C]lycopene in rats, the
highest values of 'C at all the studied periods (up to
168 h) being found in liver [43]. Proportion of cis lycopene
in liver was reported to be close to 50% and 20% in ferrets
and rats, respectively [14]. Hormones and nutritional status
were shown to interfere with the lycopene trans/cis ratio in
rats [4].

Liver is the major site of metabolism and accumulation
of retinoids and carotenoids, where they are mostly
accumulated in lipid droplets of hepatic stellate cells,
which are specialized in storage and release of endoge-
nous and exogenous lipid-soluble mediators, vitamins and
hormones [35]. Since these cells represent <1% of the
liver volume, their intracellular content of carotenoids and
retinoids can be very high. Retinol conversion to retinoic
acid in hepatic stellate cells has been documented, and
they can release both retinol and retinoic acid into the
circulation [1]. We have recently shown that hepatic
stellate cells can also uptake and accumulate f-carotene
and convert it directly to retinoic acid [29]. Since liver is
also the major site of lycopene accumulation in lycopene-
supplemented animals, it is not surprising that the pres-
ence of apo-8'-lycopenal and apo-12'-lycopenal in rat
liver has been described, representing putative lycopene
metabolites [17].

A useful model to study metabolism of hepatic stellate
cells is the established murine GRX cell line, which has
been shown to represent the murine hepatic stellate cells,
both in their structural and metabolic properties [16, 21,
23]. GRX cells are myofibroblasts derived from inflam-
matory fibro-granulomatous lesions in liver, which mobi-
lize and activate the adjacent hepatic stellate cells in mice
and in humans [5, 7, 11]. Their cytoskeleton contains
vimentin, desmin, smooth-muscle «-actin and glial fibril-
lary acidic protein [21]. They can be induced to display the
fat-storing lipocyte phenotype of resting hepatic stellate
cells by treatment with retinol, retinoic acid, f-carotene or
indomethacin [6, 28, 29]. Under such conditions, they
modify the cytoskeleton, induce synthesis of a full set of
carriers and enzymes involved in lipid and retinoid
metabolism, as well as receptors involved in retinol uptake
[15, 16, 40].
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The object of the present study was to determine the
capacity of storage, intracellular localization and isomeri-
sation of all-trans lycopene in murine hepatic stellate cells.

Materials and Methods
Reagents

All-trans lycopene and dimethylsulfoxide were purchased
from Sigma Chemical Company (St. Louis, MO, USA).
Water-soluble (WS) lycopene 10% (containing sucrose,
corn starch, fish gelatine, lycopene, corn oil, ascorbyl
palmitate and pL-alpha-tocopherol) was provided by Roche
(Rio de Janeiro, RJ, Brazil). Dulbecco’s cell culture med-
ium and bovine serum albumin were obtained from Sigma,
and fetal bovine serum (FBS) from Laborclin (Campinas,
SP, Brazil). Tissue culture flasks and cell scrapers were
obtained from Nunc (Roskilde, Denmark). All the solvents
[high-performance liquid chromatography (HPLC) grade],
toluene and ethanol were obtained from Merck (Rio de
Janeiro, RJ, Brazil). All the chemicals were of analytical
grade.

Cell cultures

GRX cells were obtained from the Rio de Janeiro Cell
Bank (Federal University, Rio de Janeiro, RJ, Brazil). GRX
cells were plated in 25 cm? tissue culture flasks, 5.0 x 108
cells/flask, and maintained routinely in the Dulbecco’s
medium supplemented with 5% FBS and 2 g/ HEPES
buffer, pH 7.4, under 5% CO, atmosphere. Under these
conditions, they expressed the myofibroblast phenotype. In
order to induce the lipocyte phenotype, cells (10* cells/
cm?) were incubated for 10 days in the standard culture
medium with 1-30 uM WS lycopene dissolved in water at
50 °C. We also monitored the incubation of all-trans
lycopene dissolved in toluene, ethanol and dimethylsulf-
oxide. All the solutions were prepared every day and tests
were done in dark to maintain lycopene stability.

The uptake of lycopene was monitored in GRX cells
expressing the myofibroblast phenotype, observed in vivo
during the low retinoid and carotenoid alimentary input.
Standard culture medium was supplemented with WS
lycopene from 1 to 30 M during the selected periods.
Saturation of the cellular uptake was monitored in GRX
cells incubated with 10, 20 and 30 puM during 72 h. Cell
morphology was observed under a phase-contrast
microscope.

Lycopene release was monitored after 10-days load in
3 uM lycopene-containing medium, in fresh culture med-
ium without lycopene, supplemented or not with 6%
bovine serum albumin (BSA), for up to 96 h.
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Cellular protein content was monitored by BCA protein
assay kit (Pierce, USA) based on the method described by
Smith [37], using BSA as standard.

High performance liquid chromatography analysis
of cell extracts

For biochemical analyses, cell monolayers were washed
with buffered calcium and magnesium-free saline solution
(BSS-CMF), detached with 0.25% trypsin, resuspended in
0.5 mL BSS-CMF and quantified. After addition of 0.5 mL
ethanol, cell suspensions were extracted twice with 1 mL
hexane and centrifuged at 10,000g for 1 min. The extracts
were pooled, dried under nitrogen, resuspended in 0.1 mL
methanol and analyzed by reverse phase HPLC. Lycopene
solution and cell culture medium with lycopene were
extracted using the same method in order to test its stability
and purity. Butylated hydroxytoluene (BHT; 20 uM) was
added to all samples, which were stored in liquid nitrogen.

In order to quantify all-trans and cis lycopene, peak
areas were monitored after their separation in HPLC, using
a reverse phase Hypersil ODS column (250 x 4.6 mm;
5 pm particle size), in a Sigma HPLC system. The equip-
ment consisted of a LC-6AD pump, a SPD-10AV UV-
vis spectrophotometric detector and a C-R6A integrator
(Shimadzu, Kyoto, Japan). The mobile phase for all-trans and
cis lycopene was a mixture of acetonitryle:methanol (1:1 v/v).
The flow-rate was 1.0 and 1.5 mL/min and detection was
performed at 472 nm [39]. The quantification of all-trans
lycopene and cis isomers was done by retention time of HPLC,
using external standard of all-trans lycopene, by the method
reported by Yeum et al. [42].

In order to confirm and identify all-trans and cis-lyco-
pene isomers, we used a reverse phase Magic C30
(150 x 2.0 mm; 5 pm, 100 ;\; Michrom Bioresources,
Auburn, CA, USA) in a Sigma HPLC system. The equip-
ment consisted of SCL-10A, LC-10AD pump, FCV-10AL
mixer, DGU 14A dryer, SPD-M10A alignment detector,
and Rheodyne injector with a 20 pL loop, controlled by
LCMS solution program. The mobile phase for all-trans
lycopene and cis isomers consisted of a mixture of MeOH
(0.1% TEA)/TBME (0.1% TEA) (1:1, v/v) [33]. The flow-
rate was 0.5 mL/min and detection was performed at 300-
600 nm. The identification of all-trans lycopene and cis
isomers was done by elution order and UV-vis spectra;
they were compared to the published data [34, 42].

Cell fractionation

GRX cells expressing the lipocyte phenotype were dis-
rupted, and subcellular fractions were obtained by a
modification of the previously described method [22].
Briefly, the cell monolayers were washed, harvested and

disrupted in a Teflon Potter tissue homogenizer followed
by sonication. Tris (100 mM), sucrose (0.25 mM) and
phenyl-methyl-sulphonyl fluoride (PMSF, 2 mM) were
added to the cell suspension. An aliquot of 0.5 mL was
separated (total extract), and the cell suspension was cen-
trifuged for 10 min at 1,000g at 4 °C. The supernatant was
collected and centrifuged for 60 min at 100,000g at 4 °C.
The pellet (nuclear fraction) was resuspended in 0.5 mL
BSS-CMF. After centrifugation, lipid droplets were float-
ing at the top. The supernatant and the lipid droplet fraction
were collected with a Pasteur pipette. All the procedures
were performed at 4 °C. BHT (20 pmol/L) was added to all
fractions and samples were stored in liquid nitrogen.

Statistical analysis

The presented data are mean values + standard error of
three independent experiments done in duplicate (n = 3).
Statistical comparisons were carried out by ANOVA and
post hoc Tukey’s test using Graph Pad Prism 4.0 and
Statistical 6.0 program. The differences were considered
significant when P < 0.05.

Results
Cellular uptake of lycopene and phenotype conversion

Several in vitro studies on lycopene failed to register its
cellular uptake in a broad range of concentrations because
of its low solubility in culture media. We tested its uptake
with different vehicles, and observed that the levels of
lycopene uptake were higher in cells incubated with
medium containing a water-soluble beadlet formulation
(WS) than in cells incubated with medium containing
lycopene in different organic solvents (data not shown).
Previous studies reported that lycopene formulated as
10% WS granules was not toxic, the compound contained
antioxidants that prevented its degradation, and it was
accumulated in liver [30]. No cytotoxic effects were
observed with the vehicle alone in the range of 0.5-5 mM
[36, 41]. Hereafter, all the results refer to lycopene with
this vehicle.

Under the standard culture conditions, GRX cells grew
in monolayer and had fibroblastoid morphology corre-
sponding to the activated stellate cells in liver tissue. They
were not fully inhibited by confluence, and after reaching
hyperconfluence they grew in the “hills and valleys”
growth pattern, typical of the smooth muscle cell lineages.
Although standard culture medium with 5% FBS could
potentially contain undetectable quantity of carotenoids or
retinoids, GRX cells always displayed the myofibroblast
phenotype in the presence FBS only, even after 10 days of
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culture (Fig. 1a). In presence of 1, 3, and 5 uM lycopene
they were induced to express the lipocyte phenotype,
accumulating refringent fat droplets in their cytoplasm. As
usual, the induction of lipid storage was not synchronous,
and groups of cells fully induced into the lipocyte pheno-
type were present simultaneously with cells that had only
begun accumulation of lipid droplets. After 10 days, most
cells reached the typical lipocyte phenotype (Fig. 1b—d).
The lipid character of cell inclusions could be demon-
strated by their affinity for the lipotropic dye Oil Red O
(data not shown). In previous studies, we showed that
3 UM f-carotene induced also the lipocyte phenotype, and
this condition was used as a positive control [29].

GRX cells were incubated with 3 puM lycopene, and the
cell culture medium was replaced every 24 h. Lycopene
cell content was monitored from 12 h to 10 days. From 12
to 48 h the basal intracellular lycopene content was con-
stant (P > 0.05). From this point on, a linear increase was
observed (Fig. 2) (P < 0.05). In high lycopene concentra-
tions, the uptake was not dependent upon the extracellular
concentration of lycopene. At 24 h the basal level found at
3 uM was observed also in presence of 10, 20 or 30 puM,
but at 72 h, when the steep increase of lycopene was

Fig. 1 GRX cells grown in standard culture medium (a), GRX cells
after treatment with standard culture medium supplemented with 1
(b), 3 (¢) and 5 (d) umol/L all-trans lycopene during 10 days.
Original magnification x400
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Fig. 2 Cellular uptake of lycopene (ng lycopene/g cell protein) after
10 days incubation of GRX cells in culture media containing 3 uM
lycopene. Bars represent mean values with standard errors (n = 6),
P < 0.05 for all the fractions. Means with different superscript letter
(a, b, c¢) are significantly different (P < 0.05). Cellular uptake of
lycopene (ng lycopene/g cell protein) during 72 h incubation of GRX
cells in culture media containing 10, 20 and 30 pM lycopene is shown
in insert. Means with different superscript letter (a, b) are signifi-
cantly different (P < 0.05)

already observed, higher levels were found, but they were
not proportional to the extracellular lycopene (Fig. 2,
insert).

In order to monitor the potential exchange of intracel-
lular lycopene with the culture medium, we loaded GRX
cells during 10 days with lycopene (3 pM). Cells were
subsequently incubated in the lycopene-free medium con-
taining 5% serum, containing or not 6% BSA, equivalent to
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Fig. 3 Lycopene release after 10 days (0 h) load in 3 uM lycopene
in fresh culture medium without lycopene, supplemented or not with
6% bovine serum albumin (BSA), for up to 96 h. Lycopene
concentration in medium after incubation with 6% BSA (A),
intracellular lycopene concentration after incubation with 6% BSA
(B), intracellular lycopene concentration after incubation without
BSA (O)
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Fig. 4 HPLC-diode array UV/vis GRX cells incubated for 10 days
with 3 pmol/L all-trans lycopene. The HPLC profiles of the extracts
are displayed when monitored at 472 and 360 nm. Peak I corresponds
to 13-cis lycopene, the UV spectrum is shown in insert (A). Peak 3
corresponds to all-trans lycopene, the UV spectrum is shown in insert
(B). The peak 2 corresponds potentially to 9-cis lycopene

the albumin content in plasma. No release was observed in
medium devoid of albumin (Fig. 3a). As expected, in
presence of albumin, a rapid initial decrease of intracellular
lycopene and a corresponding increase in the culture
medium was observed at 24 h, being roughly maintained
for up to 96 h (Fig. 3b, c).

Lycopene Isomerisation

The WS lycopene supplied to the culture medium was in
the all-trans isoform. In order to monitor the lycopene
isomerisation, GRX cells were incubated with lycopene-
containing culture media for 10 days. We observed three
peaks whose identification was done by separation in
HPLC followed by analysis in diode UV/vis array (Fig. 4).
The major peak (peak 3) obtained by HPLC analysis
showed the retention time of 14.5 min expected for lyco-
pene; the UV spectrum absorption was identical to the all-
trans lycopene standard.

Another peak (peak 1) observed in the cell extracts after
10 days of incubation with lycopene had UV/vis spectra
corresponding to the 13-cis lycopene [42]. Following the
order of elution and UV/vis spectra, we concluded that the
peak 2 was 9-cis lycopene (Fig. 4). These peaks were not
detected in media incubated for 48 h at 37 °C, excluding
the possibility of spontaneous isomerisation not mediated
by cells, due to light or to oxygen presence (data not
shown).

The absolute values of all-trans and cis isomers of
lycopene/g protein in GRX cells incubated with 1-30 uM
are presented in the Table 1. The total content of accu-
mulated lycopene increased following the concentration of
the extracellular lycopene, although not to the same pro-
portion. However, the all-trans lycopene cellular content
was quite proportional to its content in the culture medium,
indicating that the capacity of the all-trans lycopene uptake
was not saturated at these concentrations (P < 0.05), and
its cellular uptake was potentially equilibrated with the
extracellular content. Conversely, the quantity of intracel-
lular isomers showed a tendency to reach saturation, and
the relative isomers content decreased in relation to the
total content of accumulated lycopene (P > 0.05). Taken
together, these data indicate that the uptake and isomeri-
sation of lycopene in GRX cells have different quantitative
controls.

Cell fractionation

In order to monitor the lycopene distribution within the
cells, GRX cells were incubated for 10 days with lycopene
as described above, and subsequently fractioned to monitor
the intracellular localization of lycopene (Table 2).
All-trans and cis lycopene isomers were identified in all
the cell compartments. The membrane fraction contained
the major part of lycopene, followed by the cytoplasmic
fraction. The ratio between all-trans and cis isomers was
approximately 2/1 in both. Surprisingly, fat droplets of

Table 1 Concentration of all-trans lycopene and lycopene cis-isomers in GRX cells after treatment with standard culture medium supplemented

with 1-30 pmol/L all-trans lycopene during 10 days

Lycopene All Trans 13-cis 9-cis Total cis-isomers® Total lycopene
concentrations (UM ng/
(M) ng % ng % ng % ng % (nefe)

1 1034 + 1.88*  46.08  9.52 £ 6.37* 38.68 4.84 £3.01" 1524 1427 £890° 53.92 24.61 £7.06"

2426 4+ 11.37° 65.66 807 +5.12° 2094 621 £4.09*° 134 1428 4+ 9.05° 34.34 3854 + 19.80
5 39.42 £9.99°  67.19 13.55 £ 10.32* 23.50 7.04 £ 0.22° 931 20.59 + 14.53* 32.81 57.65 + 14.12°
10 4951 £931° 7175 1068 + 1.23* 1547 882 +0.36* 1278 19.50 + 0.87*° 2825 69.01 & 10.18"
20 4970 & 4.18° 7844 1090 & 1.22*  17.20 7.81 + 0.86" 1232 1871 & 2.08* 29.52 63.36 + 0.88"
30 5723 £11.62° 89.90 745+ 115 11.70 647 +0.55* 10.16 13.92 + 1.65* 21.86 63.68 + 11.42°

* Cis-isomers: sum of 13-cis and 9-cis lycopene isomers

Means with different superscript letter (a, b) are significantly different (P < 0.05)
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Table 2 Concentration of total lycopene and of all-trans and cis isomers in GRX cell fractions after treatment with standard culture medium

supplemented with 3 pmol/L all-trans lycopene during 10 days

Cellular fractions Total Distribution (%) All-trans Cis-isomers®*

@ 1M ng/g ng/g % ng/g %
Membranes 23.94 + 13.22 65.24 16.90 £ 2.39 70.01 7.04 £ 0.97 29.99
Cytoplasm 7.79 £ 1.75 21.54 497 £ 045 64.61 2.81 + 0.49 35.39
Nuclei 1.76 + 0.32 491 1.44 + 0.21 81.04 0.32 + 0,12 18.96
Lipid droplets 3.17 £ 1.99 8.31 1.79 + 0.60 54.29 1.38 + 0,45 45.71

* Cis-isomers: sum of 13-cis and 9-cis lycopene isomers

GRX cells were not the major site of intracellular lycopene
accumulation, in contrast to retinoids and to f-carotene.
However, lipid droplets presented the highest relative
concentration of isomerised lycopene, with the ratio close
to 1/1, indicating a selective accumulation of this lycopene
isoform in this cell compartment.

Discussion

The present study provided several sets of information. In
accordance with the known function of hepatic stellate
cells in uptake, metabolism and storage of retinoids and
carotenoids, lycopene was internalized in vitro into GRX
cells, and reached high intracellular concentrations. Dif-
ferent from retinol [15], the lycopene uptake was appar-
ently due essentially to its partitioning into the cell
membranes, which contained a large part of the cell lyco-
pene. The equilibrium was reached during the fist day of
incubation, both in uptake and release of lycopene, and was
maintained for at least 3 days.

Surprisingly, from 72 h on, a new mechanism of
uptake became operational, steadily increasing the intra-
cellular lycopene content. This is compatible with a
synthesis of a new transport protein, induced by a low
initial input of lycopene. In contrast to retinol and f-
carotene that are essentially accumulated in the stellate
cell fat droplets, intracellular lycopene was mostly
retained in membranes and cytoplasm. The content of a
highly hydrophobic molecule in cytosol requires also its
association with a carrier that is at present unknown, and
this issue is under study.

The data on uptake and isomerisation of lycopene in
high supra-physiological concentrations in the culture
medium corroborate this hypothesis. Even under such
conditions, the all-trans lycopene content was proportional
to the extracellular concentration, but the cis-isomers did
not follow it, indicating that the isomerisation process was
saturable. This is compatible with the requirement of the
enzyme and/or a cytosolic carrier that presents the
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lycopene to the enzyme, such as occur in the retinoid
metabolism. Recent study showed an alteration in lycopene
biodistribution by 15-15'-carotenoid-monoxygenase [26].

The role of the water-soluble carbohydrate carrier used
in the culture medium inside the cytoplasm is not probable,
since the high membrane content of free lycopene sug-
gested its transport without the carrier. Moreover, the
carbohydrates that compose the water soluble formulation
are highly biodegradable and if internalized they would be
rapidly degraded in the cell. The similar formulation of
water-soluble f-carotene used in our previous study did not
provide the cytosolic retention of this carotenoid [29].

The relatively low content of lycopene in fat droplets,
remaining in the range of 10% of the total cell lycopene,
stands in contrast to ff-carotene, whose concentration in fat
droplets reached more than 70% of the total cell content
[29]. It is noteworthy that in fat droplets nearly a half of the
lycopene was in the cis configuration under all experi-
mental protocols. The 1/1 ratio between all-trans and cis
lycopene was proposed to represent the equilibrium under
physiological conditions [2]. Fat droplets of hepatic stellate
cells are not surrounded by a membrane [6, 7]. Import and
export of different compounds are active processes that
often involve enzymatic modifications of the transported
compounds, such as esterification of retinol into retinyl
esters when they are stored in fat droplets and their hydro-
lysis when exported [16]. In order to be enzymatically
processed, retinol has to be presented to the corresponding
enzymes associated with the cellular retinol-binding protein
(CRBP). The fact that under present experimental conditions
isomerisation of lycopene was saturable indicated that the
process may be dependent both upon enzymes and carriers,
which are at present unknown. It is also notable that the
membrane fraction of lycopene, which is by far the major
one, contained 30% of cis isomers. Since extracellular
lycopene was exclusively in the all-trans form, the mem-
brane loading of cis isoforms could only occur from the
cytosolic side or during the intracellular turnover of cell
membranes, in agreement with the relatively high cis-isomer
content in cytoplasm.
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It is also unexpected that lycopene alone was able to
induce expression of the lipocyte phenotype in GRX cells.
Up to now, two pathways of lipocyte induction in GRX
myofibroblasts have been described. Both retinol and
p-carotene produce retinoic acid, which is the classical
inducer of lipocyte hyperplasia in vivo. Alternatively,
indomethacin in combination with insulin can induce the
lipocyte phenotype in GRX cells, acting directly on the
PPARy signaling pathway [6, 20, 25]. Lipocytes are con-
sidered to be resting hepatic stellate cells, while activated
myofibroblasts are engaged in fibrogenesis and involved in
hepatic fibrosis and cirrhosis [35]. In this context, lyco-
pene-mediated induction of the lipocyte phenotype can
have a protective role in hepatic pathologies leading to
fibrosis. Simultaneously, enforced induction of the myofi-
broblast phenotype with loss of lipid droplets may decrease
the stellate cell capacity to store lycopene. In a recent study
of a schistosome-infected population, lycopene was the
only serum carotenoid that suffered a threefold decrease in
infected patients [13]. Schistosomal infection involves both
hyperplasia of portal connective tissue cells and activation
of hepatic stellate cells that are induced to express the
myofibroblast phenotype [5, 11, 19]. The decreased
capacity of lycopene handling may be one of the aspects of
chronic hepatic diseases.

In conclusion, the present study has shown that hepatic
stellate cells can uptake extracellular all-trans lycopene,
which induces the expression of the lipocyte phenotype
with formation of lipid droplets in which lycopene is to
be stored. The lycopene accumulation in lipid droplets
is associated with its isomerisation into at least two cis
isoforms. This process is saturable and its biochemical
mechanisms are at present unknown.
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