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Summary. Our study was undertaken to elucidate the effects of seleno-
methionine (SeMet) on polyamine metabolism in regenerating rat liver
tissue, as useful model of rapidly growing normal tissue. We have examined
the levels of spermine, spermidine and putrescine in liver tissue. At the same
time we have evaluated the activities of polyamine oxidase (PAO) and
diamine oxidase (DAO), the catabolic enzymes of polyamine metabolism.

The obtained results suggest that polyamine levels in regenerating liver
tissue, at 7" day after two-thirds partial hepatectomy, were higher in
comparison with control group. The administration of selenomethionine
to hepatectomized animals during seven days, in a single daily dose of
2.5ug/100 g body weight, increases the amount of spermine and spermi-
dine; the level of putrescine does not change under the influence of SeMet
in regenerating rat liver tissue.

PAO activity is lower in regenerating hepatic tissue than in control
group. Supplementation of hepatectomized animals with SeMet signifi-
cantly decreases the activity of this enzyme. DAO activity was signifi-
cantly higher in hepatectomized and in operated animals treated with
SeMet compared to the sham-operated and control ones.

The differential sensitivity observed in our model of highly proliferating
normal tissue to SeMet, compared with the reported anticancer activity of
this molecule is discussed.
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Introduction

Polyamines, spermine, spermidine and putrescine are nat-
urally-occurring cellular components in all living cells.
These aliphatic cations are essential for life. A large body
of data indicates that polyamines are important for cell
proliferation (Raina and Janne, 1975; Tabor and Tabor,
1984; Pegg, 1986; Heby and Persson, 1990). Polyamine
levels increase in rapidly growing tissues like regenerat-
ing rat liver, chick embryo, as well as in malignant tissues.

Cancer cells have increased levels of polyamines com-
pared to that of normal cells (Thomas and Thomas, 2001;
Russell, 1973; Seiler et al., 1998). Selenium is an essential
trace element found in cereals, wheat, dairy products,
meat, and fish. This micronutrient may prevent carcino-
genesis through several biochemical pathways; one sug-
gested pathway is enhanced apoptosis (Kajander et al.,
1991; Schrauzer, 2001). The efficacy of dietary selenium
supplementation is currently being evaluated in interven-
tion trials. SeMet was the predominant form of selenium
in dietary supplementation (Schrauzer, 2000; Connelly-
Frost et al., 20006).

The biological mechanisms underlying the cancer che-
mopreventive effects of selenium supplementation have
yet to be elucidated. The cancer chemopreventive effect of
selenium supplementation is well known. An anticarcino-
genic effect of selenium compounds has been demonstrated
in several animal model forms of cancer. The tumor pre-
ventive effect of selenium compounds has also been shown
in human cancers and supplementation is likely to be offi-
cially recognized as a mean of lowering cancer risk.

SeMet is present in broccoli, garlic and onions (Finley
et al., 2000). Selenium metabolism and polyamine bio-
synthesis are linked in their common requirement for S-
adenosylmethionine (Redman et al., 1997). SeMet inhib-
ited the growth of human tumor cell lines in micromolar
range. Administration of SeMet to cancer cell results in
apoptotic cell death and aberrant mitoses (Redman et al.,
1997; El-Bayoumy and Sinha, 2004).
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The aim of our study was to elucidate the influence of
SeMet on polyamine intracellular levels and polyamine
oxidase (PAO) and diamine oxidase (DAQO) activities in
regenerating rat liver tissue, as a good model of highly-
proliferating tissue. The findings presented appear to dem-
onstrate the differential sensitivity of tumor and normal
cells to SeMet.

Materials and methods

Male albino Wister rats weighing 150-180g were used for this study.
Partial hepatectomy was performed by resection of two-thirds of liver
tissue mass (67%), according to the method of Higgins and Anderson
(1931), under Kethalar anesthesia. Immediately after operation, the hepa-
tectomized animals were divided in two parts: the animals that received
selenometionine (“Sigma’) intraperitoneally in a single daily dose of
2.51g/100 g body weight, and those that received 0.9% NaCl instead of
the drug. The animals received the same dose of the drug for seven
days. The last dose of selenomethionine was applicated on the 7% day
after hepatectomy, 1h before sacrificing. The control group and sham
operated animals received 0.9% NaCl. Sham hepatectomy consisted of
laparatomy with removal of a small piece of omental fat. Data from the
sham hepatectomy experiments are not presented because there were no
significant differences in any of the measured parameters compared to
control. The animals were killed by decapitation. Livers were removed
quickly, excess blood removed by blotting, and liver pieces frozen at
—70°C for up to one week, until they were analyzed for polyamine amount,
diamine and polyamine oxidase activities and total protein content. The
liver tissue was cut in small pieces and homogenized in ice-cold water.
The amount of polyamines was investigated with butanol extraction fol-
lowed by electrophoresis (Russell et al., 1970). For the estimation of DAO
and PAO activity the liver tissue was cut in small pieces and homogenized
in ice-cold water. The homogenates (10% w/v) were centrifuged at
1500 x g for 10min at 4°C. The resulting supernatants were used for
the investigation of enzyme activities. DAO (putrescine-dihydrochloride
was used as a substrate) and PAO (spermine-tetrahydrochloride was used
as a substrate) activities were measured by spectrophotometric method
of Bachrach and Reches (1966), modified by Quash et al. (1979). One unit
of enzyme activity was defined as an increase in optical density of 0.100
at 660 nm. Proteins were determined according to the method of Lowry
et al. (1951). The obtained results were statistically analyzed using
Student’s T-test.

Results

Effect of partial hepatectomy on liver polyamine pools

Partial hepatectomy does not change spermine and putres-
cine concentrations 7 days after the operation; at the same
time of regenerating period, spermidine levels signifi-
cantly increase in comparison with the control (sham
operated) animals (Figs. 1-3).

Effect of SeMet on polyamine pools after partial
hepatectomy

The supplementation of hepatectomized animals with
SeMet during seven days of regenerating period in-
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Fig. 1. SeMet effects on spermine levels in rat liver tissue. Male albino
rats underwent under partial hepatectomy according to the method of
Higgins and Anderson (1931). A group of them received SeMet intra-
peritoneally for seven days (2.5ug/100g body weight). Livers were
removed quickly and frozen at —70 °C for up one week, until they were
analyzed for polyamines (Russell et al., 1970). Data are expressed as
nmoles/mg of total proteins and are the mean of four determina-
tions + SD
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Fig.2. SeMet effects on spermidine levels in rat liver tissue. Male
albino rats underwent under partial hepatectomy according to the
method of Higgins and Anderson (1931). A group of them received
SeMet intraperitoneally for seven days (2.5pg/100g body weight).
Livers were removed quickly and frozen at —70°C for up one week,
until they were analyzed for polyamines (Russell et al., 1970). Data are
expressed as nmoles/mg of total proteins and are the mean of four
determinations + SD

creases spermine and spermidine levels significantly on
7™ day after hepatectomy compared to those of hepatec-
tomized animals that received 0.9% NaCl instead of the
drug (Figs. 1 and 2). At the same time, the putrescine
level observed in regenerating liver tissue on the 7" day
after hepatectomy does not change under the influence of
SeMet (Fig. 3).
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Fig.3. SeMet effects on putrescine levels in rat liver tissue. Male albino
rats underwent under partial hepatectomy according to the method of
Higgins and Anderson (1931). A group of them received SeMet intra-
peritoneally for seven days (2.5pg/100g body weight). Livers were
removed quickly and frozen at —70 °C for up one week, until they were
analyzed for polyamines (Russell et al., 1970). Data are expressed as
nmoles/mg of total proteins and are the mean of four determina-
tions £ SD

Effects of partial hepatectomy and Se-methionine
on liver polyamine oxidase and diamine
oxidase activities

PAO activity decreases in regenerating rat liver tissue on
the 7™ day after two-third partial hepatectomy. The sup-
plementation of hepatectomized animals with SeMet dur-
ing seven days causes significant decrease of PAO activity
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Fig.4. SeMet effects on PAO activity in rat liver tissue. Male albino rats
underwent under partial hepatectomy according to the method of Higgins
and Anderson (1931). A group of them received SeMet intraperitoneally
for seven days (2.5 ug/100 g body weight). Livers were removed quickly
and frozen at —70 °C for up to 1 week, until they were analyzed for PAO
activity by a modified spectrophotometric method (Bachrach and Reches,
1966; Quash et al., 1979). One unit of enzyme activity was defined as an
increase in optical density of 0.100 at 660nm. Data are expressed as
units/mg of total proteins and are the mean of four determinations + SD
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Fig.5. SeMet effects on DAO activity in rat liver tissue. Male albino rats
underwent under partial hepatectomy according to the method of Higgins
and Anderson (1931). A group of them received SeMet intraperitoneally
for seven days (2.5 pug/100 g body weight). Livers were removed quickly
and frozen at —70 °C for up to 1 week, until they were analyzed for DAO
activity by a modified spectrophotometric method (Quash et al., 1979).
One unit of enzyme activity was defined as an increase in optical density
of 0.100 at 660 nm. Data are expressed as units/mg of total proteins and
are the mean of four determinations & SD

in hepatectomized animals, compared to the control ones
(Fig. 4). DAO activity was significantly higher in hepa-
tectomized animals (Fig. 5) and in those operated animals
treated with SeMet compared to the sham operated and
control ones.

Discussion

Polyamines, putrescine, spermidine, and spermine, con-
stitute a group of cell components important in the reg-
ulation of cell proliferation and differentiation. There is
also evidence suggesting a role for polyamines in pro-
grammed cell death. Polyamines appear to play an essen-
tial role in the metabolic processes involved in cell growth
and division, including DNA, RNA, and protein synthesis,
embryonic development and cell differentiation. Poly-
amine content is increased in many cancers (Heby, 1981;
Wallace et al., 2003; Kala¢ and Krausova, 2005; Moinard
et al., 2005; Eugene et al., 2004). For many years, both in
epidemiology and in vitro studies, selenium supplementa-
tion has been shown to work as an anticarcinogenic agent.
Selenium supplementation has recently been shown to
decrease total cancer incidence. However, the mechanism
of action of selenium as an anticarcinogenic agent has yet
to be elucidated (Redman et al., 1998). Previous studies
in animals and humans have shown that selenium com-
pounds can prevent cancer development. The results sug-
gest that selenium is able to reduce the risk for liver
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cancer even when it is used only during a short period of
time covering the promotion phase of the carcinogenic
process. Chemically induced hepatocarcinogenesis may
be prevented by selenium supplementation both during
promotion and progression phase (Zeng, 2002; Bergman
et al.,, 2005). Data support the activation of the tumor
suppressor protein p53, increased resistance against oxi-
dative stress due to induction of selenoproteins, as well as
interactions with cell-cycle signal transduction (Bergman
et al., 2005). Methionine adenosyltransferase (MAT) cat-
alyzes the formation of S-adenosylmethionine (SAM),
the principal biological methyl and propylamine donor,
essential to polyamine synthesis and normal cell function
(Tabor and Tabor, 1984). The examination of changes in
hepatic MAT gene expression after two-thirds partial
hepatectomy (PH) in rats showed that MAT mRNA levels
increased from 3 to 6h up to 4 days after PH (Huang
et al., 1998). We used regenerating rat liver tissue as a
good experimental model for rapidly growing tissue. The
increase of polyamine concentration in liver tissue after
two-thirds partial hepatectomy, observed in our experi-
ment may be explained by higher activity of methionine
adenosyltransferase (MAT). Methionine adenosyltransfer-
ase activity was not altered by SeMet treatment (Kajander
et al.,, 1990). Redman et al. (1998) found that SeMet
inhibited tumor growth (both in lung and colon cancer
cells) in a dose-dependent manner. At least, part of anti-
carcinogenic effects of selenium supplementation might
be due to depletion of polyamine levels (Redman et al.,
1997). Since in cancer cells SeMet supplementation led to
a decreased proliferation and to a depletion of polyamines
(Redman et al., 1997), the differential sensitivity showed
by our findings in a model of normal growth is a clear
evidence of the impairment of the SeMet induction of
MAT in cancer cells (Kajander et al., 1990).

According to these results and several others literature
data, about antiproliferative effect of SeMet, our findings
appear clearly controversial. Indeed we observe an in-
crease of polyamine (spermidine and spermine) levels in
regenerating liver tissue of rats treated with SeMet for
seven days. This increase of spermine and spermidine
may be explained considering that most of the ingested
SeMet is either metabolized directly to reactive forms of
selenium or stored in place of methionine in body pro-
teins (Schrauzer, 2000). It is known that the methionine,
as S-adenosylmethionine i.e. “active methionine” serves
as propylamine donor during the synthesis of spermidine
and spermine. The by-product of this process is 5'-me-
thylthioadenosine. Our results suggest that SeMet could
be used for polyamine synthesis in the same manner as
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“active methionine”’. SeMet is incorporated primarily
into skeletal muscle, erythrocyte, pancreas, liver and kid-
ney proteins. SeMet is effectively metabolized to S-ade-
nosylmethionine analogue, and this molecule is further
metabolized through transmethylation reactions and in
polyamine synthesis, similarly to the corresponding sul-
fur metabolites of methionine. SeMet is activated initially
by adenosylation, demethylated in analog to methionine
without involving SeMet-specific enzymes (Schrauzer,
2000). L-SeMet is metabolized to a selenium analogue
of S-adenosylmethionine approximately as effectively as
the natural sulfur analogue of methionine (Schrauzer,
2000; Kajander et al., 1990). Evidence for degradation of
SeMet to methylselenol (CH3—SeH) by lyase action has
also been obtained (Schrauzer, 2000). According to these
data, supplementation of hepatectomized animals with
SeMet brings higher amounts of substrate for spermidine
and spermine biosynthesis. SeMet is activated in the re-
action with ATP and converted to seleno-adenosyl methi-
onine. After reaction of decarboxylation Se-adenosyl
methionine serves as propylamine donor for synthesis of
spermidine, and spermine, as well (Tabor and Tabor, 1984).

The principal catabolic pathway for polyamines in-
volves oxidative deamination of spermine and spermidine
by PAO (EC 1.5.3) to putrescine and 3-aminopropional-
dehyde (Holtta, 1977; Seiler, 1995; Vuji¢ et al., 2003).
Putrescine is substrate for DAO (EC 1.4.3.6). The en-
zymes are widely distributed in animal tissues, especially
liver tissue (Seiler and Raul, 2005). Our results show that
SeMet supplementation to hepatectomized animals causes
the decrease of PAO activity. On the contrary, DAO activ-
ity increases under the influence of SeMet in regenerating
rat liver. We may explain these changes of these enzyme
activities by SeMet metabolic events in animal tissues.
The estimation of SeMet kinetics (Paterson et al., 1989)
shows that ingested SeMet is either metabolized directly
to reactive forms of selenium or stored at places of me-
thionine in body proteins (Schrauzer, 2000). SeMet may
replaces methionine in the vicinity of the active site, af-
fecting the activity of the catabolic enzymes, Since CH3—
Se group of SeMet is more hydrophobic than the CH;—
S-moiety of methionine, substrate access may be inhibit-
ed, altering the kinetic parameters of enzymes (Schrauzer,
2000). These changes may be responsible for the decrease
of PAO activity and for the increase of DAO activity.
Taken together our data indicate that in rapidly-growing
tissues, SeMet supplementation is an inducers of poly-
amine biosynthesis. Since SeMet belongs to the group of
amino acids which cannot be synthesized in higher ani-
mals and humans, it may be also needed for some specific
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functions in the organism. For example, it has been sug-
gested to act as a cellular antioxidant. In the reaction with
peroxynitrite, SeMet oxide is formed, which is then reduced
back to SeMet by ascorbic acid (Schrauzer, 2000). Actually,
beneficial effects of SeMet on the human body are under
consideration.

Basic research could contribute in gaining new knowl-
edge in our understanding of selenium biochemistry and
its relation to polyamine metabolism in anticancer effi-
cacy and regulation of cell growth (Ip, 1998). However,
the differential sensitivity of normal growing cells com-
pared with the cancer counterpart, toward SeMet, may
be an usefull application for a more specific anticancer
therapy.
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