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Abstract

Selenium is an essential trace element for humans and other animals, and there is mounting evidence for the efficacy of certain
forms of selenium as cancer-chemopreventive compounds. However, over the years, numerous elements such as As, Cu, Zn, Cd, Hg,
Sn, Pb, Ni, Co, Sb, Bi, Ag, Au, and Mo have been found to inhibit anti-carcinogenic effects of selenium, which may affect the anti-
carcinogenic activity of selenium. The interaction between selenium and arsenic has been one of the most extensively studied. The
proposed mechanisms of this interaction include the increase of biliary excretion and direct interaction/precipitation of selenium and
arsenic, and their effects on zinc finger protein function, cellular signaling and methylation pathways. This article focuses on these
proposed mechanisms and how anti-carcinogenic effects of selenium may be affected by arsenic.
Published by Elsevier Inc.
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1. Introduction

Selenium (Se) is an essential trace element for humans
and animals, and is required for the growth of mamma-
lian cells in culture [1,2]. The current recommended die-
tary daily allowance for Se is 55 lg for healthy adults [3].
At such intakes, Se supports the expression of a variety
of selenoproteins through the tRNA-mediated incorpo-
ration of selenocysteine. These selenoproteins include
glutathione peroxidases and thioredoxin reductases,
which have important antioxidant and detoxification

functions. In addition, a cancer-chemoprotective effect
of Se has been observed [4–7].

Interest in the study of Se status and cancer risk has
been stimulated by the landmark finding that supple-
mentation of a moderate daily dose of Se could substan-
tially reduce cancer risk in humans [8]. Some
epidemiological studies [9,10] have found that Se status
can be negatively associated with cancer risk, and inter-
vention studies [4,8] have found that supplements/high
Se intakes are effective in reducing mammary, prostate,
lung, colon, and liver cancer risk [4,8]. In experimental
animals, anti-carcinogenic effects have been consistently
associated with Se at supranutritional intakes (>1 mg/kg
diet) that are at least 10 times those required to prevent
clinical signs of Se deficiency and to support near-max-
imal tissue activities of selenoenzymes [7,11].

A number of mechanisms have been proposed that
may account for the chemoprotective effects of Se
including antioxidant protection, altered carcinogen
metabolism, enhanced immune surveillance, cell cycle ef-
fects, enhanced apoptosis and inhibition of angiogenesis
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[5,11]. However, the protective functions of Se may be
subject to inhibition by numerous elements that may ex-
ist in foods or be encountered in the environment,
including arsenic (As) [12,13].

There is some evidence suggesting that As can be ben-
eficial for animal growth [14], and pharmacological
amounts of As have been shown to be effective treating
certain forms of leukemia [15]. However, As is better
known for its negative impact on human health.
Through epidemiological studies, As exposure has been
associated with increased risks to cancers of the lung,
skin, bladder, and liver. The US Environmental Protec-
tion Agency has classified As as a known human carcin-
ogen (category A) [16,17]. Arsenic exposure is mainly
through diet and drinking water. Arsenic is present in
the environment in various chemical forms but inor-
ganic As as trivalent arsenite (As3+) and pentavalent
arsenate (As5+) are the major forms of As in surface
and underground water [17,18].

Although As and Se are metalloids with similar
chemical properties, they have dramatically different
biological effects. Therefore, biological interactions be-
tween As and Se depend upon their respective chemical
forms. Antagonistic effects or mutual detoxification be-
tween As and Se have been confirmed in many animal
species including humans [12,19,20], since 1938 when
Moxon discovered that As treatment could protect
against Se toxicity in cattle [21]. It is generally accepted
that uptake of one of these elements causes release,
redistribution, or elimination of the other element by
urinary, biliary, and/or expiratory routes [13]. However,
the precise mechanism at the cellular level is still un-
known. There are several proposed mechanisms to ex-
plain the interaction between Se and As, and these
mechanistic aspects may shed light on how As may af-
fect the anti-carcinogenicity of Se.

2. Metabolic interaction between arsenic and selenium

Studies of the interaction between As and Se began
with the finding that chronic and acute Se toxicities
could be minimized by the administration of arsenite
and certain other arsenicals [20–23]. Earlier work dem-
onstrated that As markedly increased the excretion of
Se into the gastrointestinal tract when both arsenite
and selenite were injected at subacute doses [20,24]. In
addition, there were roughly corresponding decreases
in the amounts of Se retained in the liver. The ability
of As to promote the elimination of Se into the gut
was observed in many experiments that used different
doses, forms of As and Se, and time intervals between
the As and Se injections [24]. Also, As decreased the
amount of Se in the carcass, blood, and expired air,
but the administration of large doses of an organic
arsenical, sodium arsanilate, decreased the elimination

of Se into the gastrointestinal contents and increased
the amounts in the expired air, and the net effect being
a slight decrease in Se retained in the carcass [24]. Con-
versely, it was found that selenite stimulated the gastro-
intestinal excretion of As in experiments similar to those
in which As stimulated the gastrointestinal excretion of
Se [24]. Further study demonstrated that As greatly in-
creased the amount of Se excreted in rat bile [24,25].
This key observation was seen with several forms of Se
and As over a wide dose range, and the large amounts
of Se excreted in the bile of rats treated with As were
approximately equivalent to the decreases in the reten-
tion of Se in the liver [25]. Therefore, it was proposed
that Se and As reacted in the liver to form a conjugate
that was excreted into bile; such an explanation is con-
sistent with the fact that As and Se each increase the bil-
iary excretion of the other [20,25].

More recently, it has been demonstrated that the in
vivo antagonism between arsenite and selenite has its
molecular basis in the formation of a novel As–Se com-
pound: seleno-bis (S-glutathionyl) arsinium ion,
[(GS)2AsSe]�, which is subsequently excreted in bile
[26]. The detection of [(GS)2AsSe]� in bile after intrave-
nous injection of rabbits with selenate and arsenite sug-
gests that both metalloids are first translocated to the
liver [26]. The current hypothesis is that selenate is first
reduced to selenite and, then, to selenide by a putative
selenate reductase and/or reduced glutathione (GSH)
[26]. Because of high intracellular concentrations of
GSH in hepatocytes, the OH groups of arsenite are
thought to be substituted by glutathionyl moieties form-
ing the known compound (GS)2As–OH [26]. Selenide
may then react with (GS)2As–OH to form [(GS)2AsSe]�.
The latter could then be exported from the hepatocytes
to bile by ATP-driven glutathione S-conjugate export
pumps [27]. This observation provides the chemical ba-
sis that As and Se each increase the biliary excretion of
the other at high/toxic dose ranges [20,25]. However, the
existence of an interaction between As and Se through
the biliary excretion at normal Se and As daily intakes
(low dose ranges) still remains to be determined.

3. Direct arsenic and selenium interaction/precipitation

Although increased biliary excretion of Se may be the
principal mechanism by which As interacts with Se,
other mechanisms may also be important. The direct
interaction of minerals in aqueous solutions may also
play a major role in dissolution, precipitation, and
absorption processes [28,29]. Many chemical forms of
As and Se have been observed in nature but the relative
quantitative importance of the forms vary very much. In
the environment and diets, Se occurs in the +6 oxidation
state as selenate (contain SeO2�

4 ), +4 oxidation state as
selenite (contain SeO2�

4 ), 0 oxidation state as elemental

1270 H. Zeng et al. / Journal of Inorganic Biochemistry 99 (2005) 1269–1274



Download English Version:

https://daneshyari.com/en/article/10574907

Download Persian Version:

https://daneshyari.com/article/10574907

Daneshyari.com

https://daneshyari.com/en/article/10574907
https://daneshyari.com/article/10574907
https://daneshyari.com

