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The presence of cyanobacterial toxins in drinking and recreational waters represents a potential risk
to public health. Microcystin-LR (MC-LR) is a potent cyclic heptapeptide hepatotoxin produced by
the blue-green alga Microcystis aeruginosa. Chemoprotectant studies suggest that membrane-active
antioxidants may offer a protection against microcystin toxicity. The aim of this study is to investigate
the potential benefits of dietary supplementation of lycopene as antioxidants on microcystin toxicity
in mouse liver. A group of Balb/c was pre-treated for 2 weeks with lycopene (10 mg/mouse/d) before
an intraperitoneal injection (i.p.) of MC-LR. The potential benefits of lycopene were evaluated based
on lipid peroxidation, alanine transaminase (ALT), glutathione peroxidase (GPX) and glutathione-S-
transferase (GST) levels. Therefore, lycopene supplied as a dietary supplement may have a protective
effect against chronic exposure to MC-LR.
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1. Introduction

The contamination of aquatic ecosystems as a consequence of human activities is a well-
established fact. In many cases, the direct effects of pollution processes are cyanobacterial
blooms, some of which are characterized by the production of toxins [1, 2]. These toxins are
secondary metabolites from cyanobacteria, and it has been hypothesized that these are used
in chemical defence against predators [3, 4].

Microcystin-LR (MC-LR), is one of the toxins produced by cyanobacteria [5, 6]. This toxin
is produced principally by Microcystis aeruginosa and is a potent hepatotoxin [7], transported
specifically into the liver by multispecific bile acid transporters [8, 9], thereby inducing severe
intrahepatic haemorrhaging necrosis and apoptosis [10, 11]. MC-LR specifically inhibits
serine/threonine protein phosphatases (PP1 and PP2A), resulting in the disruption of many
important cellular processes [12—15]. MC-LR causes oxidative stress and increased reac-
tive oxidative species (ROS), as well as lipid peroxidation concomitant with an increase in
lactate dehydrogenase (LDH) release from primary rat hepatocytes [16, 17]. Later work indi-
cated a biphasic response in cellular glutathione levels in primary rat hepatocytes exposed
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to MC-LR [18]. Hermansky et al. [19] showed that hydrophobic antioxidants provide some
protection against lethal doses of MC-LR. Lycopene was defined as a non-vitamin active
carotenoid that has a high oxygen-radical scavenging and quenching capacity [20]. It is very
useful in living tissues to reduce the risk of adverse oxidative reactions that produce hydroxy
radicals and peroxides [14, 21].

The aim of this study is to investigate the role of lycopene pre-treatment in protection against
MC-LR-induced liver injury in mice.

2. Materials and methods

2.1 Animals

Five- to 7-week-old male albino Balb/c mice (average weight 30 g) were used in this study.

2.2 Microcystis cells

Microcystis aeruginosa cells were collected from selected sites of King Talal Reservoir in
Jordan during June, July, August and September of 2004 (twice a month). Isolated cells were
cultivated in a culture medium as recommended by Lehtimaki [22]. Microcystin was extracted
from the freeze-dried cells using the method suggested by Mazur and Plinski [7], and the LDsy
of the toxin extract was determined according to the Fawell et al.’s up—down method [23] to
reduce the number of mice used and quantity of toxin required.

2.3 Toxicological studies

Forty mice were divided into four groups (10 mice of each group). Group 1 was the control
group with mice that did not receive toxins and lycopene supplementation; group 2 received
lycopene supplementation (10 mg/mouse/d) for 2 weeks prior to sacrifice according to Djuric
and Powell [24]; group 3 received a single i.p. dose of toxin (75 pg/kg) according to Al-Jassabi
and Khalil [9]; group 4 received toxin (the same amount) after 2 weeks of lycopene supple-
mentation (the same amount given to group 2). All toxin-treated mice were sacrificed 24 h
after receiving the toxin. The blood was collected and the serum stored at —70 °C for alanine
transaminase (ALT) determination, while the liver was perfused with Hanks buffered saline
to remove excess blood. Liver tissues were homogenized using (IKA Ultra-Turrax homo-
genizer) in buffer (0.01 M Tris—HCI pH 7.8; 0.2mM DTT and protease inhibitors: 7.5 mM
PMSF, 2.5 mM EDTA, 3.25 uM bestatin, 2.5 uM leupeptin and 0.75 wM apoprotinin). The
homogenate was centrifuged and the supernatant stored at —70°C for the GST and GPX assays
according to the method by Bark and Chung [25]. All chemicals used in this study were pur-
chased from Sigma Co. (St. Louis, MO), unless otherwise indicated. All the chemicals were
of analytical grade.

2.3.1 Alanine aminotransferase (ALT) assay. ALT was carried out for the serum sample
according to the method recommended by Gehringer et al. [26].

2.3.2 Lipid peroxidation. The thiobarbaturic acid (TBA) method recommended by
Gehringer et al. [17] was used to determine the lipid peroxidation in the liver sample.
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2.3.3 Glycogen assay. A portion of liver (0.5 g) was homogenized in 1 ml of distilled
water [27]. The homogenate was diluted and added to 0.2% anthrone reagent, boiled for 10
min and read at 620 nm according to Pyo and Lee [28].

2.3.4 Protein phosphatase (PP1) activity. Protein phosphatase (PP1) activity was deter-
mined by measuring the rate of colour production from the dephosphorylation of para-nitro-
phenolphosphate (oNPP) substrate as a function of time using the microtitre plate reader
according to An and Carmichael’s method [29].

3. Results

In this study, our results showed that the liver weight increased by 6.68% of body weight in
toxin-treated mice (group 3, without lycopene supplementation) when compared with non-
toxin-treated controls (groups 1 and 2) and also group 4. The weight decreased significantly in
the group that was toxin-treated with lycopene supplemented (group 4) as shown in table 1. It
was found that the approximate intraperitoneal LDs, of the microcystin (from M. aeruginosa
of King Talal Reservoir in Jordan) extract for the Balb/c mice was 56 png toxin/kg mouse.

The average serum ALT levels (per millilitre) were calculated and are reported in table 1.
The average ALT value for the experimental group 3 which received toxin without any supple-
mentation showed a significant increase (3.16 U/ml), while the level of this enzyme decreased
in group 4 (0.42 U/ml) which received toxin with lycopene supplementation (table 1).

All livers of control groups (groups 1 and 2) contained normal levels of glycogen, while in
the toxin-treated group (group 3) the liver glycogen level significant decreases. For group 4, in
which mice received toxins and lycopene, the amount of glycogen in the liver was 20.22 mg/g
liver. This value was higher than that observed in mice of group 3 (7.66 mg/g liver) which did
not receive lycopene, as shown in table 1.

The average thiobarbaturic acid (TBA) values were calculated and are reported in table 1.
The average TBA value for group 3 (treated with toxin) increased significantly in lipid perox-
idation levels, when the value was compared with groups 1 and 2. In contrast, the value for
the toxin-treated group (group 4 with a supply of 10 mg/mouse/d lycopene) was significantly
lower than that for group 3 (table 1).

The level of GST activity was significantly higher (46.66 U/ml) in toxin-treated mice than
values reported for all other groups (20.05, 38.08 and 36.89 U/ml for group 1, 2 and 4,
respectively). As shown in table 1, in the lycopene-treatment group (group 2), the GPX activity
level was significantly higher (7.88 U/ml) than the value reported for the control group (group
1: 1.84 U/ml). In group 3 (toxin treatment), the GPX (1.27 U/ml) was lower than that reported

Table 1. Summary of results of the effect of lycopene supplementation on mice receiving single
lethal toxin dose.

Group 1 Group 2 Group 3 Group 4
(control) (lycopene control) (toxin control) (lycopene + toxin)
Liver (% body wt.) 4.22 4.52 6.68 4.32
ALT (U/ml) 0.68 0.39 3.16 0.42
Glycogen (mg/g) 20.40 23.30 7.66 20.22
TBA values 0.020 0.022 0.052 0.024
GPX activity (U/ml) 1.84 7.88 1.27 2.08

GST activity (U/ml) 20.05 38.08 46.66 36.89
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for group 1, whereas the value in the lycopene pre-treatment (group 4) was slightly higher
(2.08 U/ml) than that in groups 1 and 2.

4. Discussion

Al-Jassabi and Khalil [9] were the first to collect M. aeruginosa from King Talal Reservoir in
Jordan, and to culture and use these cyanobacteria as a source for Microcystin-LR (MC-LR).
The phosphatase inhibitory activity proved the bioactivity of the toxin, while the HPLC anal-
ysis confirmed that the extract was MC-LR. In the present study, the i.p. LDs for this extract
when given to Balb/c mice was found to be within the range reported in the literature [10].

The expected signs of toxin-induced injury, such as haemorrhage, cell death and apoptosis,
have been analysed previously [2, 11, 17,23], as have the expected biochemical changes in
serum ALT, liver glycogen content, TBA values, GPX and GST activities.

In our results, less severe liver damage was observed in group 4 (supplemented with
lycopene) than that which occurred in group 3 (toxin control) where the weight of the liver
increased, suggesting the occurrence of liver damage and the accumulation of fluids [11].
Moreover, the ability of lycopene to protect the liver from toxin injury was observed in the
positive changes in all biochemical markers investigated (serum ALT, liver glycogen content,
TBA values, GPX and GST activities) before the toxin supply.

Ding et al. [14] reported that MC-LR was a strong ROS inducer in hepatocytes of rats because
of cytoskeletal disruption and mitochondrial alterations. It is well documented that ROS can
affect the microtubules’ intermediate filaments and microfilament organization owing to their
ability to oxidize the cytoskeleton proteins or disturb the intracellular thiol balance [14, 30].
Ding et al. [18] showed that the disruption of the cytoskeletone led to ALT leakage, suggesting
that the disruption of the cytoskeleton could have played a crucial role in microcysin- induced
hepatotoxicity.

Our findings suggested a significant decrease in glycogen in the liver of toxin control mice
(group 3) when compared with other groups (table 1). MC-LR can cause depletion of glycogen
in the liver, possibly via the direct inhibition of glycogen synthesis and indirect activation of
glycogen phosphorylase [31, 32].

In this study, the levels of lipid peroxidation increased in toxin-treated mice (group 3),
as reflected by increased TBA values because of the severe liver damage, necrotic changes,
haemorrhaging and apoptosis [16, 33, 34]. These levels were decreased in group 4 (supple-
mented with lycopene), presumably via the ability of lycopene to quench free radicals.

Treatment of mice with microcystin appears to slightly decrease the activity of GPX
(1.27U/ml vs. 1.84 U/ml). However, the effect of lycopene supply on the activity of GPX is
quite obvious (approximately three- to fourfold compared with the control). In spite of this,
lycopene administration (supplied as a dietary supplement) before 2 weeks of toxin injec-
tion improved (almost doubled) the GPX activity. This indicates the protective effect of this
supplement against microcystin toxicity.

As previously reported by Gehringer et al. [17] and Pietch et al. [35], we also measured an
increase level of GST activity in toxin-treated mice (group 3). GST is a phase II detoxification
enzyme known to be involved in the detoxification of MC-LR [36]. It was found by Harris and
Stone [27] that the inhibition of GST occurs via an increase in lipid peroxidation levels, and
so our results regarding GST (table 1) may suggest that MC-LR produces its cytotoxic effects
through this route. This suggestion is in agreement with previous reports [14, 30]. Stahl and
Sies [37] indicated that lycopene is a cyclic carotenoid containing conjugated double bonds
arranged in the all-frans form, and so it acts as an antioxidant through physical and chemical
quenching of singlet oxygen and traps peroxyl radicals.
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In conclusion, lycopene supply in dietary form for mice could confer some protections
against MC-LR toxicity resulting from contaminated water sources, but further studies are
needed to test the efficiency of this type of treatment in other systems.
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