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Cyanobacteria (also known as blue-green algae) are
a group of prokaryotic organisms living in freshwater
and marine environment (5). These gram-negative
microorganisms have the ability to form massive
blooms in eutrophic surface water. Many species of
cyanobacteria produce variety of toxic metabolites,
harmful if consumed with contaminated water. Some
cases of acute intoxication induced by cyanobacterial
toxic products have been reported in humans and
animals (6). Some reports on poisoning of cattle, dogs
and birds and wildlife animals are present in the lite-
rature (8). It is believed that drinking or direct contact
with water contaminated with cyanotoxins can induce
serious diseases such as hepatoenteritis, gastroenteri-
tis, dermatitis, allergic diseases and symptomatic pneu-
monia (2, 28). Cyanobacterial toxins are classified into
five groups according to their biological effect: hepa-
totoxins, neurotoxins, cytotoxins, dermatotoxins and
irritant toxins. Microcystin (MC) is most widespread
and well characterised hepatotoxin produced by va-
rious genera of cyanobacteria: Microcystis, Anabaena,
Planktothrix, Hapalosiphon, Anabenopsis and Nostoc
(5). Although a lot of data concerning the occurrence
and influence of this toxic metabolite exist in the
literature, consequences to animal health are still not
entirely known. The purpose of this review is to pre-
sent the current state of knowledge about influence of

microcystin on the liver and isolated hepatocytes and
related cell lines of mammalian animals.

Microcystin is most diversed and very common
toxin of over 60 structural types (the well known
types are: MC-LR, MC-RR, MC-YR). All variants are
cyclic heptapeptides consisting of seven amino acids,
including a few D-amino acids and two unusual ami-
no acids such as methyledehydroalanine (MDHA) and
hydrophobic b-amino acid, 3-amino-9methoxy-2-6,8-
-trimethyl-10-phenyldeca-4,6-dienoic acid (ADDA)
(3). It is released to the aquatic environment by cyano-
bacteria cell lysis (19) and depending on the adminis-
tration route has different bioavailability and toxicity
in vivo. The LD

50
 of purified MC-LR is 50 µg kg�1

after intraperitoneal injection and 10, 9 mg/kg after
oral administration to mouse (29). Toxicity of micro-
cystin is age-dependent and associated with physio-
logical condition of the small intestine, including
level of permeability of the capillaries in the villi and
degree of the surface epithelial cell exfoliation (18).
Some part of the toxin is absorbed via the stomach but
most molecules are carried by via bile acid transpor-
ters of the intestinal cells of the ileum (14).

MC passes the intestinal barrier but its majority re-
mains in the intestinal tract and is excreted in faeces.
The toxin enters the liver by the portal vein via a car-
rier mediated transport system due to its specific
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hydrophobic and pH-dependent properties (11). The
uptake to hepatocytes is temperature-dependent. It is
estimated that about 50-70% of MC accumulate in the
liver after intraperitoneal, intravenous or intra-tracheal
administration. Some amounts of the cyanotoxin can
be also detected in the intestine, but not in other or-
gans (26).

Microcystin induces suppression of serine/threonine
protein phosphatase 1 (PP1) and 2A (PP2A) activities
in the liver cells (23). Protein phosphatases are enzy-
mes that remove the phosphate groups from amino
acids in proteins and together with protein kinases �
enzymes adding the phosphate groups to amino acids,
they regulate cell metabolism (25). Microcystin-indu-
ced toxic changes in hepatocytes are associated with
a lack of balance between phosphatases and kinases.

Microcystin-induced imbalance of protein phospho-
rylation starts the disruption of hepatocyte cytoskele-
ton giving a typical shape to the cells. The cytoskele-
tal components of the liver cells are polimeric inter-
mediate filaments and microfilaments which lose their
subunits and dissociate when exposed to the cyano-
toxin. The cytoskeleton shrinks and the hepatocytes
break contact with other liver cells and sinusoidal
capillaries (7). These changes lead to the hepatic
haemorrhage, liver insufficiency and finally death of
an organism because of hypovolemic shock (29).
Microcystin-LR was described to promote the col-
lapse of actin filaments in primary rat hepatocytes
leading to rounding, blebbing (cytoskeletal disruption),
loss of microvilli and separation of cultured hepato-
cytes. The cells lose adhesion to each other and begin
to detach from the surface (13). Toxic effects of
MC-LR were noted in the liver of rabbit. Frangez et
al. (16) found that subchronic exposure with cyano-
bacterial lyophilizate containing MC-LR and MC-RR
induced liver injury characterized by fatty infiltration
and periportal fibrosis.

Microcystin changes in the activity of hepatic main
enzymes. Gupta et al. (17) noted a distinct augmenta-
tion of the alanine amino transferase (ALT), aspartate
amino transferase (AST) and gamma-glutamyl trans-
peptidase (gamma-GT) at mean time of death (MTD)
30 min. after intraperitoneal administration of micro-
cystin MC-LR, MC-RR and MC-YR to mice. Augmen-
ted hepatic enzyme levels was caused of hepatocyte
damage induced by cyanotoxins. Moreover, increased
liver body weight index was observed as a consequen-
ce of blood pooling. MC-LR evoked more significant
increase of AST level in comparison to MC-RR and
MC-YR. On the other hand long time of exposure even
at low concentrations can induce inhibition of ALT
levels. Solter et al. (27) found that subchronic exposu-
re (28 days) to microcystin-LR after intraperitoneal
injection diminished ALT synthesis in rat hepatocytes
in a dose-dependent manner. A significant inhibition
of glucosidase (beta-D glucuronidase and N-acetyl-
glucosaminidase) activity and synthesis of proteolytic

enzymes (cathepsins D and L, arginine aminopepti-
dase, dipeptidase II, dipeptidase IV) was observed after
exposure of mouse hepatocytes to microcystin-YR (20,
21).

Protein phosphatases play an important role as
enzymes in protein phosphorylation controlling
glycogen and glucose metabolism. Microcystin, as
a potent PP1 and PP2A inhibitor was described to
affect these biochemical processes. MC-LR, by sup-
pressory action towards protein phosphatases, incre-
ases activity of glucose-6-phosphatase (enzyme essen-
tial for release of glucose into the bloodstream from
glycogen breakdown) in rat hepatocytes in vitro (10).

Microcystin-induced changes can be observed in
hepatic glutathione (GSH) activity. Treatment of pri-
mary rat hepatocytes with microcystin cyanobacterial
extract and pure MC-LR leads to a dose-dependent
increase of intracellular GSH level. Furthermore, in-
hibitors of GSH synthesis cause depletion of its level
and, as a consequence, increase hepatocyte suscepti-
bility to MCE (4). On the other hand, the in vivo stu-
dies performed by Gupta et al. (17) revealed that GSH
level was significantly reduced in mice administered
intraperitoneally with MC-LR and MC-RR.

Microcystin-LR is an effective inducer of rapid
hepatocyte apoptosis in mammals. Isolated rat liver
cells showed apoptotic changes within 2 minutes after
exposure to MC-LR at 16 µmol/l (15). McDermott et
al. (24) observed that hepatocytes exposed to micro-
cystin MC-LR appeared slightly shrunken with small
cytoplasmic protrusions and blebs. Higher concentra-
tions of the toxin induced cell swelling and dissolu-
tion of organelles. DNA fragmentation and mitochon-
drial changes were associated with chromatin conden-
sation. MC-LR induced hepatocyte apoptosis could be
mediated by caspase (15). It is also speculated that
apoptosis of hepatocytes is associated with micro-
cystin-induced radical oxygen species (ROS) forma-
tion (12). Bouaicha et al. (4) observed that MC-LR
significantly increased the ROS level in rat hepato-
cytes at 10 ng/ml. ROS production induced by the
toxin could be also one of the major mechanisms of
its genotoxic action and tumor initiation in the liver
(30). Microcystin-induced ROS cause damage at the
DNA level accompanied by protein phosphatases in-
hibition eventually promoting proliferation of neoplas-
tic hepatocyte. A time- and dose-dependent formation
of 8-oxo-7,8-dihydro-2�-deoxyguanosine (8-oxodG)-
a marker of DNA oxidative damage, was observed
in primary rat hepatocytes in vitro after exposure to
MC-LR. Induction of 8-oxodG was also demonstra-
ted in rat liver in vivo after intraperitoneal administra-
tion of the toxin (22). Ito et al. (18) noted liver neo-
plastic nodules up to 5 mm in diameter 28 weeks after
intraperitoneal injection of microcystin-LR to mice.
Neoplastic nodules were formed without using an ini-
tiator after a series of injections of the toxin at sub-
lethal doses. On the other hand no nodule formation
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or chronic injuries were observed in the liver when the
toxin was administered orally at a higher dose. This
finding suggests that the route of exposure plays an
important role in tumour initiation. The exposure of
hepatocytes to MC-LR evokes an altered morphology
of their nuclei being of irregular shape and condensed
(18).

Recent studies on the influence of microcystins have
been performed using various hepatic cell lines. MC-
-LR toxicity was determined in vitro on permanent
hepatic cell line-rat Reuber H35 hepatoma cells (H-4-
-II-E) (9). H-4-II-E cells were sensitive, particularly to
higher concentration of MC-LR. The toxin also indu-
ced toxic changes in immortalized hepatocytes deri-
ved from male Wistar rats (1).

This review presented the existing information on
hepatotoxic effects of microcystin-LR. The results
obtained by many authors show that microcystin is a
highly toxic agent and also a potent tumor inducer that
could be dangerous to humans, domestic pets and
could create loses in livestock when drinking conta-
minated surface water. High sensitivity of mammalian
liver to this cyanotoxin and possible health hazard sug-
gest that a strict monitoring of water reservoirs used
for farming practice and recreational purposes should
be introduced.
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