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peroxidase activity and lipid peroxidation in rats
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Abstract : The combined effects of iron and selenium status on glutathione peroxidase
(GSHPx) activity, cytochrome P-450 activity, and lipid peroxidation in the liver and intestinal
mucosa of rats were investigated. In experiment one, four experimental groups (+Se+Fe, — Se+
Fe, +Se++Fe, — Se++Fe) were manipulated for 3 weeks with intramuscular administration of iron-
dextran (++Fe) and/or normal diet (+Fe) and deionized water (— Se) and/or selenium-supplemented
deionized water (+Se). In experiment two, 2% dietary carbonyl iron (instead of the parenteral
administration) was fed for 3 weeks to rats. Body weight of rats was significantly decreased in
both parenterally and orally iron-overloaded groups (p  0.01), regardiess of Se supplement.
Serum iron was significantly increased in parenterally iron-overloaded groups but it was
marginally increased in orally iron-overloaded groups. There was no significant difference in
hemoglobin content among experimental groups in either experiment one or two. Total iron in
the small intestine, intestinal mucosa, and livers was significantly high in both parenterally and
orally iron-overloaded rats, regardless of selenium status. In the liver and intestine, GSHPx
activity was significantly higher in all selenium-supplemented groups, compared to Se-deficient
groups (p { 0.01) and lipid peroxidation was significantly enhanced in both parenterally and
orally iron-overloaded groups, compared to iron-adequate groups. There was no significant
difference in cytochrome P-450 activity in the livers between groups in both experiment one and
two.

These results indicated that GSHPx activity in liver and intestinal mucosa was depended on
selenium status, regardless of iron status, and iron-overload enhances lipid peroxidation in liver
and intestinal mucosa by increasing the tissue iron content.
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selenium.
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Introduction

Iron is essential for life, but iron-overload is toxic and
potentially fatal. It has been recognized that jron-overload is
relatively common disorder of iron metabolism such as
hereditary hemochromatosis and thalassemia™*. The liver is
a major site of iron storage and is particularly susceptible to
injury from iron-overload, especially when the iron ac-
cumulates in hepatocytes™. Hepatotoxicity is the most con-
sistent finding in patients with iron overload. Whether deriv-
ed from increased absorption or parenteral administration,
massive deposition of iron in hepatic parenchymal cells
eventually produces fibrosis and ultimately cirrthosis and
hepatocellular carcinoma®,

The possible mechanism of iron-induced hepatotoxicity is
lipid peroxidation®. Lipid peroxidation is a free-radical-medi-
ated process that can result in acute cellular injury, espe-
cially if the normal protective mechanisms of the cell are
reduced. On the other hand, lipid peroxidation itself and
some of its by-products are known to be potential initiators
and promoters of cancer®’. Lipid peroxidation is also as-
sociated with structural changes and dysfunctions of hepatic
organelles®.

Selenium is an important trace element in human and an-
imal bodies. Selenium diets are known to increase gluta-
thione peroxidase (GSHPx) activity in mammalian tissue®".
Selenium protects the free radical-mediated lipid perox-
idation by increasing GSHPx activity''. GSHPx is a very im-
portant enzyme against lipid peroxidation. It reduced hy-
drogen peroxide and organic hydroperoxides, thereby block-
ing the subsequent free radical formation™". In the intestine,
due to the fast turnover rate of mucosal cell, GSHPx is de-
pendent on Se in a diet but not on Se body store™. There-
fore, the intestinal protection of GSHPx on free radical dam-
age can be seriously compromised by a selenium-deficient
diet.

It has been known that treatment with selenium increase
liver and plasma levels of GSHPx"'. Meanwhile, the effect
of iron-overload on selenium metabolism is still controver-
sial. In this study, the roles of iron and selenium, as a proox-

idant and an antioxidant, respectively, were compared in
rats manipulated by parenteral and dietary iron-overload in
combination with selenium status, We investigated GSHPx ac-
tivity, cytochrome P-450 activity, and lipid peroxidation in the
liver and small intestine of rats. These results would illustrate
an implication of iron and selenium status in the intestinal or
liver cancer or free radical-mediated tissue damage.

Materials and Methods

Materials : Thiobarbituric acid (TBA), trichloroacetic acid
(TCA), tetraethoxypropane, butylated hydroxytoluene (BHT),
hydrogen peroxide, potassinm cyanide, potassium ferricyanide,
bovine albumin, glutathione reductase, glutathione, O-ethyl
O-(4-nitrophenyl) phenylphosphonothioate (EPN), and sodium
azide were purchased from Sigma Chemical Co. (St. Louis,
MO).

Animals : Male Sprague-Dawley rats (in number, 20 rats
for experiment one and 20 rats for experiment two), initially
weighing 210~230g, were fed a control diet for at least five
days to adapt to the experimental environment before start-
ing the experiments. They were housed in pairs in stainless
steel cages with wire fronts and bottoms and fed the as-
signed diets and deionized water ad libitum for 3 weeks.
The animal facility was maintained to about 23 with a
12hr light: dark cycle (07:00 to 19:00). Animals were
weighed before feeding the experimental diet and assigned
randomly to treatment groups. Rats were fasted for 16hr be-
fore they were sacrificed.

Diet preparation : Animal diets consisted of 34.0% dex-
trose, 20% casein, 20% com oil, 15% corn starch, 5% cel-
lulose, 0.3% DL-methionine, 1.7% CaHPO,, 3% mineral
mixture, and 1% vitamin mixture (Table 1, 2 and 3). Dex-
trose (2%) was substituted with 2% carbonyl iron for dietary
iron-overload in experiment two. Diet ingredients were pur-
chased from the ICN Biochemical Inc. (Cleveland, OH) and
mixed well, and the diet was stored under nitrogen gas in
evacuated bags in the refrigerator to prevent the contact
with oxygen. Total iron and selenium contents in the nor-
mal diet were 60ppm and less than 0.01ppm, respectively.

Experimental design : In experiment one, iron-overload
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in rats was induced by intramuscular injections of iron dex-
tran (100mg Fe/ml, Sigma Chemical Co.) up to a total of

Table 2. Composition of vitamin mixture

Ingredients g/kg mixtare  mg/kg diet
Table 1. Composition of semipurified diet Viamin A (500,000 1.U./g) 10 5,000 1.U.

Vitamin D (850,000 1.U./g) 0.125 1,063 1.U.
Ingredients* Composition (%)

Alpha tocopherol (250 1.U./g) 20.0 50 LU.
Dextrose 34 (32)

: Niacin 4.0 40

Casein 20

Riboflavin 0.6 6
Corn oil 20

Pyridoxin hydrochloride 0.7 7
Corn starch 15

Thiamin hydrochloride 0.6 6
Cellulose (Alphacel) 5

Vitamin B,, 0.00135 0.0135
DL-Methionine 0.3

Ascorbic acid 45.0 450
Mineral mixture” 3

Inositol 1.0 10
Vitamin mixture® 1

Choline chloride 150.0 1500
CaHPO, 17 .

Menadione 5.0 50
Carbonyl iron® 2 (for dietary Fe load) . L

p-Aminobenzoic acid 5.0 50
*Dextrose, com oil, and corn starch were purchased at local stores. .
All other ingredients were purchased from the ICN Biochemicals Inc. Calcium pantothenate 1o 10
(Cleveland, OH). Biotin 0.02 02
The compositions of vitamin mixture are shown in Table 2.
“The compositions of vitamin mixture are shown in Table 3. Folic acid 0.2 2.0
dThc ingredient was used only for dictary iron-overload and the dextrose
content was decreased by 2% (34 to 32%). Dextrose to make 1,000g
Table 3. Composition of mineral mixture
Ingredients Amount{g/kg) Mineral Mineral mg/kg diet
MnSO, - H,0 6.0 Mn 58.6
MgCO, 50.0 Mg 435
X1 0.02 1 0.46
ZnSO, - 7H,0 2.0 Zn 138
CuSO, - 5SH,0 0.8 Cu 6.0
N32M004 . 2H20 0.05 Mo 0.6
CoCl; - 6H,0 0.05 Co 03
CeCl; - 6H,0 0.1 Cr 0.6
N2, H,PO 150.0 Na 855
KCl 120.0 K 1872
Dextrose to make 1,000g
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75mg Fe per 100g body weight. The dose was divided in
three equal injections delivered on days S, 10, and 15 of the
experiment. The remaining 10 rats were sham-injected with
physiological saline. In experiment two, iron-overload in
rats was induced by a diet containing 2% carbony] iron for 3
weeks. For each experiment one or two, animals were ran-
domized into 4 groups of 5 animals each : Se- and Fe-sup-
plemented group (+Se+Fe), Se-deficient and Fe-supplemented
group (- Se+Fe), Se-supplemented and Fe-overload (+Se++Fe),
and Se-deficient and Fe-overload (— Se++Fe). Selenium was
supplemented with adding 0.5ppm Se (as Na,SeQ;) to deion-
ized water, Se-deficient rats were manipulated with deion-
ized water.

Homogenate preparation : Rats were anesthetized with
ether and the abdomen was opened. Blood was collected
from the abdominal aorta. Livers were dissected and placed
in isotonic KCI. The intestinal tract was incised from the sto-
mach at the pyrolic junction and gently pulled away from
the mesentery and placed in isotonic KCI. The intestine was
incised at the same position and the sections were flushed
with isotonic KCI to wash out to the intestinal contents. Ex-
cess liquid was removed with ashless paper tissue and the
epithelial mucosa gently scraped with the edge of a metal
spatula. The mucosal scrapes were weighed and homo-
genized in 3 vol of KCl tris buffer (150/25mM, pH 7.4)
with soft tissue homogenizer. Livers were also homogenized
using a polytron homogenizer. All steps were performed in
a cool room. Aliquots of homogenate were frozen in liquid
nitrogen and stored at ~ 70T for further analysis.

Chemical analysis

Thiobarbituric acid reactive substance (TBARS) : TBARS
was determined as an indication for lipid peroxidation using
the method described by Buege and Aust'. The reaction
mixture contained 1.0ml of 10% homogenate and 2.0ml of
15% TCA-0.375% TBA-0.25N HCI reagent solution. The
mixture was heated for 15 min in a boiling water bath
(95C) to develop a pink color, cooled with tap water, cen-
trifuged at 2,000 X g for 15 min, and measured spectrophoto-
metrically at 532nm with a UV 2100U spectrophotometer
(Shimadzu Co., Kyoto, Japan). Prior to the heating step, 0.
2% BHT will be added to prevent spurious lipid perox-

idation. The standard curve was made by determining the ab-
sorbance of known amount (1, 2, 4, and 8nM/ml) of te-
traethoxypropane, a precursor of malonedialdehyde (MDA).
TBARS was calculated by the standard curve.

Total iron concentration : Iron was determined in wet-ash-
ed samples by using the ferrozine colorimetric method®.
Homogenized samples (0.5ml) were digested on a hot plate
until being white ash with 3 ml of concentrated nitric acid
and 0.2ml of 30% hydrogen peroxide. The white ash was
dissolved into 0.2m! of 1.0N hydrochloric acid and diluted
with 0.8ml deionized water. One ml of 0.5% ascorbic acid
was added and mixed thoroughly. After 20 min, one ml of
10% ammonium acetate buffer and 1 ml of 1 mM ferrozine
color reagent was added. After standing at room temperature
for 45 min, the absorbance of the samples was measured at
562nm.

Hemoglobin (Hb) : Hb was determined by the cyano-
methemoglobin method'®. Blood (0.02ml) was mixed with
5ml Drabkin solution containing 8.0mM potassium cyanide,
0.6mM potassium ferricyanide and 12mM sodium bicarbonate
and the mixture was allowed to stand for 20 min. Absorbance
was read at 540nm by spectrophotometer and the Hb con-
centration was calculated with standard curve (S, 10, 15 and
20g Hb/dl).

Glutathione peroxidase activity : GSHPx activity was
measured in the supernatant obtained from centrifugation of
homogenate using hydrogen peroxide as a substrate’’. GSHPx
activity in human blood was also measured and its value
compared with the established standard, to validate the as-
say. One hundred microliter of sample was added to the
reaction mixture containing 2.58ml of S0mM phosphate buff-
er (pH 74), 0.1m! of 8.4mm NADPH, 0.0iml of glu-
tathione reductase (100EU/mi), 0.01ml of 1.125M sodium a-
zide, and 0.1 ml of 0.15M reduced glutathione and let it e-
quilibrate at 20°C for 5 min. To initiate the reaction, 0.1ml
of 2.2mM hydrogen peroxide was added and absorbance
was read at 340nm. The coversion of NADPH to NADP is
followed spectrophotometrically by continuous recording of
the change in absorbance of the system at 340nm between 2
and 4 min after initiation of the reaction, employing a cu-
vette with a 1cm light path. An unit of activity was ex-
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pressed as micromole of NADPH oxidized per mg of pro-
tein.

Cytochrome P-450 activity : Cytochrome P-450 activity
was assayed in liver homogenates, using EPN as a substrate
', Cytochrome P-450 system metabolizes the substrate into
p-nitrophenol. The absorbance was measured at 410nm and
the enzyme activity was calculated as pg p-nitrophenol produced/
hr/mg protein by the standard curve.

Protein content : Protein was estimated by the Lowry
method using bovine albumin as a standard',

Statistical analysis : Data was analyzed using SAS pro-
gram for two-way ANOVA™., Whenever F is found to be
statistically significant (p { 0.01), least significant values were
calculated to identify statistically significant differences among
treatment means.

Results

Parenteral iron-overload : Body weights of iron-over-
loaded rats (++Fe) with iron dextran were significantly low-
er than those of iron-adequate (+Fe) rats, regardless of selen-
jum supplementation (Table 4). It is probable that the in-
jection of iron dextran is stressful or toxic to the rats. The
body weight of Se-supplemented (+Se) rats was slightly
higher than Se-deficient (- Se) rats in experimental groups
with the same iron status (Table 4). There was no significant

difference in Hb concentration between all treated groups.
However, a marginally high Hb concentration was shown in
the iron-overload rats. Serum iron was significantly higher
in iron-overioad (++Fe) rats, regardless of Se-supplementation
(p€0.01). In addition, total iron in the intestinal mucosa,
small intestine, and liver was significantly higher in iron-
overloaded (++Fe) rats (p  0.01), probably indicating the
distribution of injected iron to parenchymal cells. Although
most of tissues accumulate iron, the liver seemed to be most
sensitive to iron-overload. Iron-overioad increased the liver
iron content by approximately 20-fold compared to normal
rats (+Se+Fe). In the liver and intestinal mucosa, GSHPx ac-
tivity was dependent on the Se-supplement but not de-
pendent on the iron-overload (Table 5). However, there was
an actual decrease in GSHPx activity in iron-overloaded rats
compared to iron-adequate rats (Table 5). Cytochrome P-450
activity was measured in only the liver because of low in-
testinal cytochrome P-450 activity. Cytochrome P-450 activity
in the liver had no significant difference between experimental
groups. Lipid peroxidation in the liver and intestinal mucosa
of iron-overloaded rats was elevated (Table 5). However,
selenium-supplementation  significantly inhibited the lipid
peroxidation as measured by TBARS formation in the liver
of iron-overloaded rats (p  0.01).

Dietary iron-overioad : A diet with 2% carbonyl iron
caused a decrease in body weight of rats, independently on

Table 4. Body weight, hemoglobin, serum iron, and total tissue iron in parenterally iron-overloaded rats

Experimental groups

Parameters
+Se+Fe - Se+Fe +Se++Fe - Se++Fe
Body weight (g) 280%15° 262+18° 222421° 213+20°
Hemoglobin (g/dl) 172424 17417 18.1£2.3" 186429
Serum iron (pg/mi) 35405 3.6+£09* 75+11° 7.8+10°
Tissue iron (jg/mg protein)
Intestinal mucosa 18405 1.7+0.6° 39+06° 45+04°
Small intestine 2.3+08 22409 159423 16.8+2.0°
Liver 1.4104° 12102 29144.3° 29.7438°

al’Mcms in the same row with the same superscript letter are not significantly different (p ( 0.01).
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Table 5. Glutathione peroxidase and cytochrome P-450 activity and lipid peroxidation in the liver and intestine of parenterally

iron-overloaded rats

Experimental groups
Parameters
+Se+Fe - Se+Fe +Se++Fe - Se++Fe
Liver
GSHPx (pM NADP/min/mg protein) 0.61+0.07* 0.2110.05° 0.56+0.08° 0.1910.07°
P-450(pg p-nitrophenol/hr/mg protein) 1494016 143+013 1.38+0.12* 1.38+0.20°
Lipid peroxidation (nM MDA/mg protein) 0.26+0.02* 0.28:+0.04 0.57£0.10° 0.82+0.12°
Intestinal mucosa
GSHPx (pM NADP/min/mg protein) 0.08+0.01* 0.05+0.01° 0.08+0.02° 0.0410.01°
Lipid peroxidation (nM MDA/mg protein) 0.57+0.08* 0.88+0.11° 1.27+0.16° 142£0.18°
™ Means in the same row with the same superscript letter are not significandy different (p ¢ 0.01).
Table 6. Body weight, hemoglobin, serum iron, and total tissuc iron in orally iron-overloaded rats
Experimental groups
Parameters
+Se+Fe - Se+Fe +Se++Fe - Se++Fe
Body weight (g) 282+18* 269+22° 227+16° 221+20°
Hemoglobin (g/dl) 17.242.0° 177417 181413 183+19°
Serum iron (pg/ml) 3.8+05° 39403 46104 44103
Tissue iron (ug/mg protein)
Intestinal mucosa 1.6+0.2° 15404 26104° 23+03°
Small intestine 24103 25402 32+03° 34203°
Liver 14404 2.0104° 28403 31+05°

**Means in the same row with the same superscript letter are not significandy different (p ( 0.01).

selenium status (Table 6). A similar result was shown in
rats treated with iron dextran (Table 4). There was no sig-
nificant difference in Hb concentration among experimental
groups. However, iron-overloaded (++Fe) rats showed a
slightly higher Hb concentration, compared to iron-adequate
(+Fe) rats. Serum iron was significantly higher in iron-over-
loaded (++Fe) rats, regardless of selenium status. The in-
crease in serum iron may be due to increased iron ab-
sorption but not due to decreased erythropoiesis and/or in-
creased hemolysis, because Hb concentration was higher in
iron-overioaded (++Fe) rats. The high serum iron might be

associated with high total iron in tissues. Total iron content
in liver was significantly higher in iron-overloaded rats, com-
pared to Fe-adequate rats (p { 0.01). In the intestinal mucosa,
the absorbed iron may be retained for a while to regulate
body iron store, thereby a significant increase in iron in the
intestinal mucosa was shown in the iron-overloaded rats. In
the small intestine, however, the increased iron content may
be reflected by increased serum iron. Selenium-deficiency
(- Se) caused significantly decreased GSHPx activity in the
liver and intestinal mucosa of rats (Table 7). Iron-overioad
did not affect GSHPx activity (Table 7). Lipid peroxidation
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Table 7. Glutathione peroxidase and cytochrome P-450 activity and lipid peroxidation in the liver and intestine of orally iron-

overloaded rats
Experimental groups
Parameters
+Se+Fe - Se+Fe +Se++Fe —Se++Fe

Liver

GSHPx (1M NADP/min/mg protein) 0.7410.08° 047+0.06° 0.68+0.07° 0.3940.06°

P-450(pg p-nitrophenol/hr/mg protein) 1401018 1334015 1.58+0.22° 148+0.17°

Lipid peroxidation (nM MDA/mg protein) 0.08+0.01° 0.13+0.03° 0.10£0.02° 0.21£0.04°
Intestinal mucosa ‘

GSHPx (uM NADP/min/mg protein) 0.080.01* 0.05+0.01° 0.07+0.01° 0.05+0.01°

Lipid peroxidation (nM MDA/mg protein) 0.60£0.11° 1124+0.18° 097+0.17% 1.2240.24°

amMcan.s in the same row with the same superscript letter are not significantly different (p ¢ 0.01).

occurred highly in iron-overloaded rats. In the liver and in-
testinal mucosa, the lipid peroxidation was strongly as-
sociated with the tissue iron store. In experimental groups
with the same iron status, sclenium-deficient (- Se) rats
showed a high MDA value, but not significantly different
from selenium-adequate (+S¢) rats (Table 7). In the liver,
there was no significant difference in cytochrome P-450 ac-
tivity between experimental groups (Tabie 7).

Discussion

Iron overload in human may be produced by an increased
absorption of dietary iron and/or by parenteral administra-
tion of iron. In our study, iron-overload was induced by either
parenteral or dietary manipulation. The increased serum iron
concentration may be results of consumption of large
amounts of bioavailable dietary iron. However, intestinal mu-
cosa may control or regulate the absorption of dietary iron,
dependently on body iron store. Parenteral iron loading is
produced by repeated blood transfusion or by injection of
therapeutic iron preparations. In our study, iron dextran was
injected intramuscularly to rats. The excretion of injected
iron may be limited by urinary, biliary and exfoliation of in-
testinal mucosal cells. Iron overload in hereditary hemo-
chromatosis which is the most common of the iron-loading
disorder first occurs in parenchymal cells of the lLiver'.

Thalassemia, the iron loading anemia, in which there is an
increased absorption of iron has similar pattern of iron over-
load to hereditary hemochromatosis. In these patients, elevat-
ed iron absorption is probably the result of ineffective
erythropoiesis and/or hemolysis of erythrocytes.

The excess iron stores by parenteral iron overload are
found primarily in the reticuloendothelial system, but even-
tually iron is accumulated in parenchymal cells of the liver’.
Iron within hepatocytes can be formed in several biochem-
ical forms : ferritin, hemosiderin, heme, and iron in the pu-
tative ‘intracellular transit pool or ‘low molecular weight
chelate pool’. Although the form of intracellular iron respon-
sible for initiating hepatic lipid peroxidation in iron-over-

load is not known, feritin and hemosiderin may be in-

. volved. Both feritin and hemosiderin can initiate lipid

peroxidation in vitro at neutral pH when a reductant such as
ascorbate or superoxide anion is present ; however, at acidic
pH, ferritin and hemosiderin can stimulate lipid peroxidation
without a reductant®. Another possibility is that severe iron
overload results in an increase in the putative ‘intracellular
transit pool of iron from which certain components could
be catalytically active in stimulating lipid peroxidation®.

Iron can catalyze lipid peroxidation cascades. Fe (II)
reacts with preformed lipid hydroperoxides to form alkoxyl
radicals (1) and Fe (IIT) reacts with lipid hydroperoxides to
form peroxyl radicals (2).
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LOOH+Fe* — Fe +OH +L0 " ---ereeerrevrnrens )

LOOH+Fe™ s FeX +H +LO00 "+ oeeeerrrnvenranns )

Both alkoxyl and peroxyl radicals can stimulate the chain
reaction of lipid peroxidation by extracting further hydrogen
atoms. Hydroxyl radical produced either by the Fenton reac-
tion (3) may also be responsible for initiating the perox-
idative reaction”.

F€2‘+Hzoz S FeFOH + "OH ceevveeeerrvnnnanrens 0]

Regardless of the initiating species, the peroxidative
decomposition of the polyunsaturated fatty acids of or-
ganelle membrane phospholipids would result in specific ab-
normalities of organelle function which are dependent on in-
tact membrane®.

In the early 1970s, Se was discovered as an integral part
of GSHPx" . Of which the activity in animal tissue is directly
related to the availability of dietary Se*. Pascoe et ol °
found significant lower GSHPx activity in the intestinal
cells of rats after 3 days of a Se-deficient diet (0.01ppm Se).
Se-dependent GSHPx plays an important role in prevention
of the membrane lipid peroxidation’. GSHPx reduces H,0,
and other hydroperoxides possibly present in the soluble
compartment of the cell, whereas phospholipid hydroperoxide
GSHPx reduces phospholipid hydroperoxides in the membrane,
resulting in prevention of lipid peroxidation’.

In this study, the roles of Fe and Se, as a prooxidant and
an antioxidant, respectively, were compared in rats mani-
pulated by Fe-overload in combination with Se status. Gen-
erally, it is known that treatment with Se increases liver and
plasma levels of GSHPx"'. Meanwhile, dietary iron had no
significant effects on selenium metabolism, especially if ade-
quate amounts of selenium are being consumed™. In our
study, GSHPx activity was dependent on selenium status,
but not on iron status. Chareonpong-Kawamoto and Yasumo-
to®® found that serum iron concentration was decreased by
40-58% in Se-deficient rats, compared to Se-adequate rats.
Iron concentration in tissues ranged from 1.1 to 2.5 times
higher in Se-deficient rats than in Se-adequate rats. They
concluded that Se-deficiency might cause a secondary over-
load of iron. However, our result did not accord with their
data. Moriarty et al™ reported that during iron-deficiency
Se-dependent GSHPx1 mRNA levels and Se-dependent

GSHPx activity were decreased in the liver of rats. Se con-
centration in the liver was also decreased by 42%.

There is evidence of decreased Se-dependent GSHPx ac-
tivity in animals under Fe overload™, Reffet ef al ® induced
dietary Fe overload in lambs and observed decreased Se-de-
pendent GSHPx activity in the liver. Lee ef al® evaluated
GSHPx activity during intake of excess dietary iron and Se
deficiency : a decrease in liver Se-depemdent GSHPx ac-
tivity was observed. Liver Se-dependent GSHPx activity
was decreased markediy during Se-deficiency.

Lipid peroxidation in liver was elevated in the Fe-over-
load animals compared to the controls®. However, total
GSHPx in liver remained constant or decreased in animals
receiving high iron. GSHPx did not respond to increased ox-
idative stress associated with elevated dietary iron. Also, iro-
n-overload can lower the hepatic Se-dependent GSHPx ac-
tivity™>*
creased significantly heart sclenium and GSHPx activity in
iron-overload mice. This treatment also decreased iron con-
centration in heart'®. Pascoe et al™® demonstrated that dietary

deprivation of Fe could decrease the intestinal cytochrome P-

. A supplement of both selenium and vitamin E in-

450 content and activity. By contrast, liver cytochrome P-
450 has been shown to be highly resistant to Fe-deficiency™.
In the intestine, cytochrome P-450 content is much less than
that of the liver (0.1 vs 0.9nmol/mg microsomal protein).

In both parenteral and dietary iron-loaded rats, GSHPx ac-
tivity in the liver and intestinal mucosa was depended on
selenium status. The iron-overload increased lipid perox-
idation, probably resulting from increased tissue iron content.
GSHPx seemed to be partly participated in the prevention of
lipid peroxidation.
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