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Abstract: An experiment was conducted to measure thicredoxin reductase (TrxR) and glutathione peroxidase
(GSH-Px) enzymatic activity in organs and TrxR activity in liver subcellular fractions in young broiler chickens.
Broilers were fed either a (1) Control basal diet (no supplemental selenium but with a background level of
0.095 mg/kg) or diets providing supplemental selenium at 0.3 mg/kg as either (2) sodium selenite (SE;
inorganic selenium), (3) Sel-Plex® (SY: organic selenium yeast), or (4) a combination (SS) of 0.15 mg/kg of
both selenium forms. GSH-Px (measured in liver only) and TrxR activities were elevated by selenium,
regardless of dietary form, in each organ examined. The TrxR activities in subcellular fractions were greatest
in the mitochondrial lysate, nuclear pellet and post-mitochondrial supernatant, respectively and the lowest
activity was associated with the mitochondrial pellet. Aurothioglucose (ATG; 0.1 pM/g BW) inhibited hepatic
cell GSH-Px activity by more than 30% and TrxR activity by more than 80%, but glutathione reductase was not
affected. The TrxR enzyme in the chicken might be different from the mammalian enzyme.
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INTRODUCTION

Selenium is involved in numerous physioclogical
functions with its most notable role as the critical factor
activating members of the selenoprotein family. The
most abundant selenoproteins in mammals are
glutathione peroxidase (GSH-Px; EC 1.11.1.9) and
thioredoxin reductase (TrxR; EC 1.8.1.9) (Gladyshev ef
al, 1998; Rotruck et al, 1973). The expression of TrxR in
mammals is dependent on the amount of available
selenium, wvarious hormones and environmental
conditions, and oxidative stressors (Berggren et af,
1997, 1999; Kohrl ef a/, 2000). TrxR is a widely
distributed flavoprotein that catalyzes the crucial NADPH-
dependent reduction of thicredoxin protecting cellular
components from oxidative damage (Ganther, 1999) and
through the reduction of thioredoxin, the thioredoxin-TrxR
system catalyzes the reduction of oxidized proteins and
many other substrates such as lipid peroxides, thyroid
peroxidase, glutathione, ascorbate, selenite,
selencdiglutathione and protein disulfide isomerase
(Chae ef al,, 1994; Luthman and Holmgren, 1982).

An extensive examination of TrxR in chickens has not
been conducted. Burgos et al. (2006) reported that
reovirus infection had no influence on TrxR activity in
neither the intestinal ileum nor the liver and Burgos et al.
(2006) noted that both inorganic and crganic selenium
dietary supplements increased TrxR activity in both
ileum and liver compared with the same tissues in
young bhroilers fed a selenium deficient diet (Se<0.02
mg/kg). These observations suggested that TrxR in
chickens might respond similarly to TrxR in mammals

that had been fed either selenium-deficient or selenium-
adequate diets (Berggren ef a/., 1997, 1999; Barnes et
al., 2009; Gallegos ef al., 1997, Hill et ai, 1997,
Humann-Ziehank et al., 2013).

The study of Upton ef af. (2008) demonstrated that the
form of dietary selenium can alter the activity of GSH-Px
responding to oxidative stress resulting from higher
rates of metabolism in high-yielding broiler chickens
and oxidation of feed ingredients such as dietary fat.
Since oxidative stress can be induced by numerous
factors in poultry species and partially ameliorated by the
provision of organic selenium {(Mahmoud and Edens,
2003; Upton et al., 2008), it was important to ascertain
whether dietary inorganic and organic selenium might
affect differentially TrxR activity in chickens. The objective
of this study was to use different chemical forms of
selenium (inorganic sodium selenite vs. organic
selenium as a selenium yeast product (SY), Sel-Plex®)
in broiler diets and assess their influence on subcellular
and organ distribution of TrxR activity.

MATERIALS AND METHODS

Broiler chickens and husbhandry: This project was
approved and conducted under the supervision of the
North Carolina State University Animal Care and Use
Committee which has adopted Animal Care and Use
Guidelines governing all animal use in experimental
procedures.

Ross male broilers were fed the North Carolina State
University's North Carclina Agricultural Research
Service broiler starter feed (Table 1), which provided
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Table 1: Composition (g/kg) of Morth Carolina Agricultural Research
Service broiler starter diets supplemented with either no

selenium (Control), inorganic sodium selenite (SE), organic

selenium yeast (SY), or a combination of SE and SY
Ingredients Control® SE° 5Y° 55
Corn £590.8 590.8 5908 £590.8
Soy 269.5 2695 2695 269.5
Limestone 7.0 7.0 7.0 7.0
Dical phosphate 7.0 7.0 7.0 7.0
Poultry fat 34.9 349 349 34.9
Poultry meal 79.8 79.8 79.8 79.8
DL-methionine 18 1.8 18 18
Lysine 0.7 07 0.7 0.7
Salt 4.0 4.0 4.0 4.0
Choline chloride 20 2.0 20 20
Minerals® (TM-90) 2.0 20 2.0 2.0
Vitamins® (NCSU-90) 05 05 05 05
Sodium Selenite 0.0 1.0 0.0 05
Sel-Plex® 0.0 0.0 1.0 05

"Trace mineral (TM-90) premix provided in mg/kg of diet: manganese, 120
mg; zinc, 120 mg; iron, 80 mg; copper, 10 mg; iodine, 2.5 mg; cobalt, 1.0
mg. Selenium premix as either sodium selenite or organic selenium (Sel-
Plex®) was provided to each diet at a level to assure a maximum
concentration of 0.3 mg/kg

\fitamin premix (NCSU-90) provided per kilogram of diet: Vitamin A
(retinyl acetate), 2.27 mg; Vitamin B: ({thiamine), 2 mg; Vitamin B:
(riboflavin), 6.6 mg; Vitamin Bz (niacin), 55 mg; Vitamin Bs (pantothenic
acid), 11 mg; Vitamin Bg (pyridoxine), 4 mg; Vitamin B7 (bictin), 1.26 mg;
Vitamin Ba (folic acid), 1.1 mg; Vitamin Bi2 (cyanocobalamin), 0.0198 mg;
Vitamin Dz (cholecalciferol), 0.05 mg; Vitamin E (DL-alpha-tocopheryl
acetate), 33 mg; Vitamin Ks (menadione), 2 mg

*Control-no supplemental selenium; SE-inorganic sodium selenite at 0.3
mg/kg; SY-organic selenium yeast at 0.3 mgkg; SS-SE at 0.15
mg/mg+SY at 0.15 mg/kg

13.21 Mjlkg metabolizable energy (ME) and 21% crude
protein (CP) from 1d of age to 3 wk of age. A basal feed
(Control) with a background level of 0.095 mg/kg
selenium (North Carolina Department of Agriculture,
Raleigh, North Carolina 27607) was supplemented with
either 0.3 mg/kg of sodium selenite (SE), Sel-Plex” (a
selenium yeast protein (SY) produced and marketed by
Alltech, Inc., Nicholasville, Kentucky), or a combination
0.15 mg/kg of both SE and SY (83).

The study was conducted in 2 battery trials with 3
replicates per treatment using 10 birds per replicate.
Replicates were arranged in a completely randomized
design with blocking for light and position within the
brooder battery. Birds were given feed and water for ad
libitum consumption. Broilers used for tissue sampling
and enzyme analysis were removed randomly from the
various dietary selenium treatment pens.

Activities of TrxR in various organs: At 3 weeks of age,
liver and other tissue samples (0.5-1.0 g; lung, heart,
kidney, brain, breast muscle, bursa of Fabricius, thymus,
spleen, red blood cells and plasma) were placed directly
into ice-cold protein sample buffer (50 mM potassium
phosphate buffer, pH 7.4, 1 mM phenylmethyl sulfonyl
fluoride and 5 mM ethylenediaminetetraacetic acid
(EDTA). All chemicals, unless noted otherwise, were
purchased from Sigma-Aldrich (St. Louis, Missouri).
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Each tissue sample was washed to rinse away
adhering blood and samples were then minced in 4 mL
of cold protein sample buffer for protein extraction. The
samples were homogenized with a Polytron
Homogenizer (Heat System Ultrasonics, Plainview, N.Y.
11803) in cold 50 mM TrisHCI, 1mM EDTA pH 7.5 in a
1:3 ratio. The resulting homogenates were centrifuged
at 6,500 x g for 30 min and supernatants were removed
and further centrifuged at 50,000 x g for 30 min.
Supernatants were removed and analyzed for TrxR
activity using the 5, 5'-dithiobis (2-nitrobenzoic acid)
(DTNB) assay described by Luthman and Holmgren
(1982). Working buffer (100 mM sodium phosphate, 10
mM Na:EDTA, 0.2 mM NADPH, 0.2 mg bovine serum
albumin (BSA)/mL, 1% ethanol, 5 mM DTNB) and 0.5
mM flavin adenine dinuclectide (FAD) (4.2 mg of FAD in
500 mM Tris, pH 7.4) was added to a 96 well plate
before adding sample. Absorbency was read at 412 nm
for 3 min. Samples were run in triplicate and results
were calculated based on the yield of 2 moles of 2-nitro-
5-thiobenzoate per mol of NADPH consumed (nhmol
/min/mg protein).

The GSH-Px activity in liver cytosolic protein extract was
determined by a spectrophotometric method (St. Clair
and Chow, 1996) based on the decrease in f-
Nicotinamide adenine dinucleotide 2'-phosphate
reduced tetrasodium salt (NADPH) absorbance at 340
nm. The rate of absorbance decrease at 340 nm is
directly proportional to the GSH-Px activity (Ufmg total
protein). Hepatic glutathione reductase (GR) activity
(U/mg total protein) in liver cytosolic protein extract was
determined spectrophotometrically based on the
measurement of the rate of NADPH oxidation at 340 nm
with synchronized reduction of glutathione disulfide
(GSSG) by using a commercial kit system (Oxis
International, 2009).

Subcellular distribution of TrxR activity in liver cells:
Livers from five 3 weeks old Ross male broilers, fed SY
at 0.3 mg/kg of diet, were collected fresh, minced and
washed immediately in ice cold 0.9% saline. The
minced liver was then diluted to a 1:5 (w:v) mixture with
an ice cold 250 mM sucrose, 5 mM Tris HCI pH 7.5
buffer. Tissue was ground with a 40 mL Dounce
homogenizer with a glass pestle. The homogenate was
spun at 1,500 x g for 30 min at 4°C followed by removal
of the post-nuclear supernatant and isolation of the
nuclear pellets. The post-nuclear supernatant was
centrifuged at 12,000 x g for 30 min at 4°C, which yielded
the mitochondrial pellet and post-mitochondrial
supernatant. The  mitochondrial pellets  were
resuspended in 5 mM Tris HCI pH 7.5 and homogenized
with the Dounce homogenizer. The pooled pellets were
then centrifuged at 12,000 x g for 30 min at 4°C, which
yielded the mitochondrial lysate and mitochondrial
membranes. A 2 mL aliquot of each fraction was taken
and analyzed for protein and TrxR activity.
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Total protein determination: Total protein content was
measured spectrophotometrically at 595 nm using the
BioRad Bradford Protein Assay Kit (Hercules, CA 94547)
modified for a microplate reader and used BSA (Sigma,
St Louis, MO) as a standard. The standard curve was
linear (r’=0.98) from O to 80 pg/mL of BSA. Coefficients
of variation, between replicates of the same sample,
were less than 5%.

Administration of aurothioglucose: The effects of
aurothioglucose (ATG,; Sigma Chemical Co., St Louis,
MQO) on hepatic TrxR activity was examined in three
weeks old broiler chicks from each Control, SE, SY and
SS feed treatment group. Forty chicks were involved in
this experiment. There were 10 chicks per group
(Control, SE, SY and S8) of which five per group served
as the O h controls and five per group were treated with
ATG dissolved in sterile saline and injected intra-
abdominally with 0.1 pM ATG/g BW. The O h broilers from
each dietary treatment group were euthanized and
followed immediately by dissection and collection of
approximately 1.0 g of liver tissue. At 6 hours post-
injection, ATG-treated chickens were euthanized and
followed immediately by dissection of approximately 1.0
g liver tissue. The liver tissues were then processed as
described above for collection of the post-mitochondrial
supernatant fraction, which was assayed for GSH-Px,
GR and TrxR activity as described above.

Data analysis: Data from all experiments were analyzed
using the ANOVA procedure of the Statistical Analysis
System (SAS Institute, 2004). Differences among means
were determined with the Student Newman Kuehls test.
The level of significance was set at p<0.05.

RESULTS

The GSH-Px, GR and TrxR activities in the liver of the
broiler chickens fed either Control (no supplemental
selenium), SE, SY, or S5 are shown in Table 2. The
activities of liver cytosolic GSH-Px and TrxR in broilers
fed supplemental dietary selenium as SE, SY and SS
were elevated significantly (p<0.05) and equivalently
compared to GSH-Px and TrxR in broilers fed the Control
diet. The GR activity was not altered by supplemental
dietary selenium treatments (Table 2).

The TrxR activities in the liver, heart, breast muscle,
bursa of Fabricius, thymus and spleen are selenium
dependent (Table 3). The Se-deficient control chickens
had the lowest TrxR activity in the majority of the organs
(Table 3). TrxR activity in the heart, breast muscle, bursa
of Fabricius, spleen and thymus were found to he
numerically greater in SY-fed birds in most instances,
but not significantly different from the other selenium
treatment groups (Table 3). TrxR activity in lung, kidney,
brain was elevated, but not significantly, by
supplemental selenium treatments and lack of a
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Table 2: Activities of liver glutathione peroxidase (GSH-Px), glutathione
reductase (GR) and thioredoxin reductase (TrxR) in three weeks
old male broiler chickens fed diets differing in selenium sources

Enzymes Control* SE* Sy* 554 Pooled SEM
GSH-Px' 0.163° 0.31¢° 0.343° 0.332° 0.038
GR? 0.219° 0.227° 0.226° 0.218° 0.046
TreR? 22.3 65.4* 70.2¢ 68.4° 15.7

**In a row, means with unlike superscripts differ significantly (p=<0.05)
'Glutathione peroxidase (GSH-Px, U/min/mg protein)

2Glutathione reductase (GR, U/min/mg protein),

*Thioredoxin reductase (TR, nmol/min/mg protein)

“Control-no supplemental selenium; SE-inorganic sodium selenite at 0.3
mgkg; SY-organic selenium yeast at 0.3 mg/kg; SS-SE at 0.15
mg/mg+3Y at 0.15 mg/kg

Table 3: Thioredoxin reductase (TrxR) activity (nmol/minfmg protein) in
organs from three weeks old male broiler chickens fed diets
differing in selenium sources

Tissues Control' SE’ 8Y' S8
Liver 20.4+10° 79.9+39° 78.1+51° 51.0£20*
Lung 51.2+50° 81.1£31° 91.1+69° 79.0+11°
Heart 21.0+11° 62.1£29" 109.9+41° 59.9+21"°
Kidney 62.0+69° 89.9+10¢ 81.0+31: 51.0+31
Brain 51.1+41° 85.4432° 152.0£99° 133.2+101°
Breast muscle 30.9+12° 72.2+19 79.9+39° 70.9+29+
Bursa 29.9+11° 71.9£19" 100.0£49° 60.4+29*
Thymus 40.5+21° 90.8+29° 139.9439° 80.74£31°
Spleen 32.0+9° 41 1+10 71.0+39° 79.9+19°
RBC 30.9+31° 70.8+61° 40.4420° 22.3+11°
Plasma 31,129 30.9+10° 30.5+35° 39.8+19°

**¢In a row, means with unlike superscripts differ significantly (p<0.05).
'Control-no supplemental selenium; SE-inorganic sodium selenite at 0.3
mgkg; SY-organic selenium yeast at 0.3 mg/kg; SS-SE at 0.15
mg/mg+3Y at 0.15 mg/kg

Table 4: Subcellular distribution of chicken thioredoxin reductase (TrxR)
activity (nmol/minfmg protein) in liver cells from broiler chickens
fed organic selenium yeast at 0.3 mg/kg feed

Activity Subcellular percentage

nmol/min/mg TrxR Activities vs.
Subcellular distribution Protein’ Liver Homogenate
Liver Homogenate 10749.1¢ 100.00
Nuclear Pellet 1294872 120.10
Post Nuclear Supernatant 87+10.2* 81.31
Mitochondria Pellet 65+8.3° 60.74
Post Mitochondria Supernatant 107+11.32 100.00
Mitochondria Lysate 133+12.5° 124.30
Mitochondria Membranes 93+13.0* 86.92

**In a column, meanstSEM with unlike superscripts differ significantly
(p=0.05). 'N = 3 for each meantSEM

significant treatment effect was attributed to the high
variability of the TrxR activities found in these tissues.
TrxR activities in red blood cells and plasma were highly
variable and were not affected significantly by the
selenium diets (Table 3).

The subcellular distribution of TrxR activity in hepatic
cells from chickens fed SY is presented in Table 4. The
TrxR activity of the liver homogenate was 107.2
nmol/min/mg protein, which is the composite of all the
subcellular TrxR activities. Among the subcellular
fractions, the highest TrxR activities were measured in
the mitochondrial lysate (133.3 nmol/min/mg protein),
nuclear pellet (128.9 nmol/min/mg protein) and post-
mitochondrial supernatant (106.6 nmol/min/mg protein),
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Table 5: Influence of aurothioglucose (0.1 pM/fg BW) injection on hepatic glutathione peroxidase (GSH-Px), glutathione reductase (GR)
and thioredoxin reductase (Tr<R) activities in three weeks old male broilers fed diets differing in selenium sources

Enzymes Control* SE* sy 55¢

GSH-Px!

0h? 0.12240.014> 0.160+0.006%*f 0.203+0.014%* 0.196+0.019%*

6 h? 0.081+0.008 0.108+0.0020%¢ 0.138+0.019° 0.13120.015

% change -33.6 -32.3 -32.0 -33.2

GR?

0 hours® 0.126+0.012 0.131x0.011 0.129+0.016 0.124+0.014

6 hours? 0.123+0.011 0.132+0.017 0.130+0.019 0.125+0.016

% change -2.4 +0.8 +0.8 +0.8

TrxR?

0h? 31.248.1%" 101.949.2%% 114.749 9°% 104.3+10.6%

6 h? 4.241. 1Y 16.3£2.30% 2162 15 16.941.6°%

% change -86.54 -84.00 -81.17 -83.80

#|n a column, enzyme activity means with unlike lower case superscripts differ significantly (p<0.05)
*¥In a row, enzyme activity means followed by unlike upper case superscripts differ significantly (p<0.05)

“N =5 for each mean+SEM

"Glutathione peroxidase (GSH-Px, U/min/mg protein)
*Glutathione reductase (GR, Ufminfmg protein),
SThioredoxin reductase (TrxR, nmol/min/mg protein)

‘Control-no supplemental selenium; SE-inorganic sodium selenite at 0.3 mg/kg; SY-organic selenium yeast at 0.3 mg/kg; SS-SE at 0.15

mg/kg+SY at 0.15 mg/kg

respectively. The lowest TrxR activity in the subcellular
fractions was found in the mitochondrial pellet (65.0
nmol/minfmg protein), which was significantly lower
(p=<0.05) than TrxR activities found in the nuclear pellet,
post-mitochondrial supernatant and mitochondrial lysate
but not different (p<0.05) from TrxR activities found in
post-nuclear supernatant and mitochondrial
membranes. Contribution of these subcellular TrxR
activities as a percentage of total liver homogenate
activity is also shown in Table 4. The percentage TrxR
activities in the nuclear pellet (120.24% of the total) and
the mitochondrial lysate (124.35% of the total) were the
highest followed by post-mitochondrial supernatant
(99.44% of the total), mitochondrial membranes
(86.75% of the total), post-nuclear supernatant (80.69%
of the total) and the mitochondrial pellet (60.63%),
respectively.

The results of ATG inhibition of GSH-Px and TrxR
activities in the liver post-mitochondrial supernatant are
shown in Table 5. There was no interaction between
selenium forms and ATG treatment.  Again,
supplementation of selenium in both forms and their
combination caused both GSH-Px and TrxR activity to be
elevated over the activities of those enzymes from
chickens fed the selenium-deficient Control diet. The GR
activity was not affected by either of the selenium forms
or their combination. However, SY supplementation
tended to facilitate greater enzyme activity for both GSH-
Px and TrxR than did SE or SS. The ATG treatment
caused more than a 30% inhibition of GSH-Px activity
and more than an 80% inhibition of TrxR activity in the
post-mitochondrial supernatant (Table 5), but GR activity
was not affected by ATG.

DISCUSSION
Kim and Combs {1993) reported supplemental dietary
selenium to a selenium deficient diet induced GSH-Px
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activity in chickens. Similar data have been reported in
male turkeys indicating that GSH-Px activity can be
augmented by supranutritional selenium in birds (Sunde
and Hadley, 2010; Fischer ef af., 2008). |n this study,
both GSH-Px and TrxR activities were increased when
supplemental selenium was provided in broiler chicken
diets similar to observations made in mammals
(Levander et af., 1983; Hill et af., 1997, Berggren et af.,
1999, Humann-Ziehank et af, 2013). However,
selenoenzyme activity in this experiment did not always
show a significant selenium-form dependency (Table 3).
GR activity was not influenced by either dietary selenium
form or concentration in this trial (Table 2 and 5).

Smith ef al. (2001) compared TrxR activity in mammals
and chickens, finding chickens to have extremely low
TrxR activities. The low TrxR activities in chickens might
indicate low TrxR protein expression or might indicate
that chicken TrxR (s) differ significantly from mammalian
TrxRs (Liu and Stadtman, 1997). Gowdy (2004) used
Western blots and found TrxR protein expression at
relatively low levels. All organs expressed a heavy band
that was higher in molecular weight (=70 kDa) than the
rat standard (~56-58 kDa), but also had a light band that
was approximately =56-58 kDa, along with a light band
of a higher molecular weight and a light band =35 kDa,
which suggested that several TrxR isoforms might exist
in chickens. The =70 kDa molecular weight band might
be attributed to glycosylation of chicken TrxR, but even if
this were to be the case, the active sight containing the
selenocysteine should have been conserved in the
chicken as itis in other species (Gromer et af., 2003).
These observations also suggest that the chicken
expresses TrxR isoforms similar to TrxR1 and TrxR2
found in mammals, but additional research is required.
Rozell et al. (1985) observed that the thioredoxin-
thioredoxin reductase system was widely distributed
among tissues and organs and exhibits significant
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variation among cell types. In this current investigation,
TrxR activity was found in all organs, but TrxR activities
among those organs was variable (Table 3) and both
selenium forms and their combination elevated (p<0.05)
TrxR activity over that found in selenium deficient
controls. However, neither of the two dietary selenium
forms nor their combination altered plasma and red
blood cell TrxR activity. It has been suggested that
plasma TrxR is a secreted form, possibly TrxR1, which
might not reflect tissue TrxR activity (Soderberg ef al,
2000; Oberley ef ai., 2001). Yet, the red blood cells in this
investigation did not show altered TrxR activity in
response to dietary selenium supplementation and we
do not have an explanation for the lack of TrxR
responses to supplemental selenium. It has been
reported that TrxR1 activity in human red blood cells is
responsive to blood selenium  concentrations
(Karunasinghe ef af., 2006), especially organic selenium
(Karunasinghe et al., 2013).

The subcellular ultrastructural localization of TrxR is
associated with all intracellular structures in rat hepatic
cells (Rozell et al, 1988). Rigobello ef al (1998)
measured TrxR activity in rat hepatic subcellular
structures and noted that there were different isoforms
of the enzyme in the mitochondria and the cytosol
fractions. Additionally, TrxR activity was reported to be
higher in the matrix of the mitochondria than the
mitochondrial pellet (Rigobello et al, 1998) similar to the
results of this current investigation in chickens. Oberley
et al. (2001) have reported that TrxR activity is found in all
subcellular fractions, but that activity is cell-type-specific
localized with TrxR2 being predominantly within
mitochondria and TrxR1 in the cytosol of rat renal cells.
The distribution of TrxR in subcellular structures is
strategically placed indicating that the thioredoxin-TrxR
system has a role to play in protein processing,
secretion and formation of protein disulfides (Rozell ef
al., 1985, 1988). Ejima et a/. (1999) reported higher TrxR
activity in the cytosol (90%) than in the mitochondria
(10%) of human placental cells. However, Chen et al.
(2002) found higher TrxR activity in the mitochondria,
lysosome and microsome than in the cytosol in the
human liver.

The post-nuclear and post-mitochondrial supernatants
in this study with chickens are primarily cytosolic
fractions, exhibiting TrxR activities that were comparable
to the liver tissue homogenate TrxR activity and with
higher (p=0.05) activity than in the mitochondrial pellet.
The mitochondrial lysate had higher (p<0.05) TrxR
activity than did the mitochondrial pellet but was
comparable to the cytosolic fractions. These results are
different from subcellular TrxR activity results in the rat
(Rozell et al.,, 1985, 1988) and human tissue (Chen ef
al, 2002, Ejima et a/., 1999). In this case with chickens,
mitochondrial and cytosolic fractions had TrxR activities
that were equivalent. There was a higher TrxR activity in
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the nuclear pellet and presumably this activity was
associated with the thioredoxin-thioredoxin reductase
system functions in the maintenance of DNA and in the
transcription of DNA {Mustacich and Powis, 2000; Powis
and Montfort, 2001), which suggested that the
thioredoxin-TrxR system in chickens is very important.
The TrxR activity was low in selenium deficient control-
fed chickens, but in chickens supplemented with
selenium, the TrxR activity was elevated significantly by
both selenium forms in many of the tissues. Berggren
ef al. (1999) showed that TrxR activity was increased
significantly with dietary selenium supplementation.
Selenium-dependent increase in TrxR activity might be
due to an increase in the specific activity of the enzyme,
which should result in better antioxidant protection (Allan
et al., 1999). Our observations support this conclusion
as it applies to both TrxR and GSH-Px. Increased TrxR
activity is associated with the amount of selenium
incorporated into TrxR (Gladyshev et al, 1996). TrxR
isolated from human placental cells had a higher rate of
selenocysteine incorporation when more selenium was
added to the cell culture media {(Gladyshev et a/., 1998).
Mahmoud and Edens (2003) have confirmed that GSH-
Px activity was increased to a higher rate with organic
selenium dietary supplementation than with sodium
selenite dietary supplementation and Edens (2002) has
reviewed research reports that show SY to be more
readily available for selencprotein synthesis than
sodium selenite.

Enzymes, in which selenium forms the active site of an
enzyme, are inhibited by ATG (Chaudiere and Tappel,
1984; Hill ef af., 1997). Hu ef af. (1988) reported that
repeated administration of ATG to rats over an 8-wk
period decreased platelet, kidney and liver GSH-Px
activity. Thus, administration of ATG can have some of
the same effects as selenium deficiency on
selenocysteine-containing enzymes in vivo. In chickens,
ATG in mM concentrations has been shown to inhibit
GSH-Px in the cytoplasm and in mitochondria (Mercurio
and Combs, 1985, 1986; Marchionatti et al/, 2008).
Smith ef a/. (1999) noted that as little as 0.025 mg ATG/g
body weight (somewhat less than 0.1 pM ATG/g body
weight used in this study) inhibited significantly hepatic
TrxR in mice. In this study, 0.1 uM/g BW of ATG also
caused a significant inhibition of GSH-Px {more than
30%) and TrxR (more than 80%) at 6 hours after an intra-
abdominal injection of ATG (Table 5). These results
show that the chicken selenoenzymes, GSH-Px and
TrxR, are sensitive to ATG inhibition.

The observations made in this investigation show that
TrxR activity, over a relatively broad range, is found in all
tissues examined in broiler chickens. Activity of TrxR as
well as that of GSH-Px are selenium dependent and in
this investigation both inorganic and organic selenium
dietary supplementation caused an equivalent elevation
in the activities of these selenoenzymes. Subcellular
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distribution of TrxR activity was found in association with
the cytosolic, nuclear pellet and mitochondrial fractions
and TrxR activity was found to be equivalent in the
mitochondrial fraction and the cytosolic fraction, differing
from the condition found in mammals. Preliminary
evidence suggests that at least two different isoforms of
TrxR are found in the mitochondrial fraction (TrxR2) and
in the cytosolic fraction (TrxR1), but additional research
is required to elucidate this point in chickens.
Aurothioglucose was shown to inhibit TrxR activity by
more than 80% and GSH-Px activity by more than 30% in
this investigation. Dietary selenium form did not alter the
aurothioglucose inhibition of these enzymes. These data
indicate that selenium supplementation in broiler
chickens has a beneficial effect on mulliple
selenoproteins that can alter the health status of the
bird.

REFERENCES

Allan, C.B., G.M. Lacourciere and T.C. Stadtman, 1999.
Responsiveness of selenoproteins to dietary
selenium. Ann. Rev. Nutr., 19: 1-16.

Barnes, K.M., J. K. Evenson, A.M. Raines and R.A. Sunde,
2009. Transcript analysis of the selenoproteome
indicates that dietary selenium requirements of rats
based on selenium-regulated selenoprotein mRNA
levels are uniformly less than those based on
glutathione peroxidase activity. J. Nutr., 139: 199-
2086.

Berggren, M., A. Gallegos, J. Gasdaska and G. Powis,
1997. Cellular thioredoxin reductase activity is
regulated by selenium. Anticancer Res., 17: 3377-
3380.

Berggren, M.M., JF. Mangin, JR. Gasdaska and G.
Powis, 1999. Effect of selenium on rat thioredoxin
reductase activity: Increase by supranutritional
selenium and decrease by selenium deficiency.
Biochem. Pharmacol., 57: 187-193.

Burgos, S., F. Edens, J. Read-Snyder, A. Cantor and S.A.
Burgos, 2008. Selenium sources affect protein
concentration, thioredoxin reductase activity and
selected production parameters in reovirus infected
broiler chickens. Int. J. Poult. Sci., 5: 822-829.

Chae, HZ, SJ. Chung and S.G. Rhee, 1994.
Thioredoxin-dependent peroxide reductase from
yeast. J. Biol. Chem., 269: 27670-27678.

Chaudiere, J. and A.L. Tappel, 1984. Interaction of gold
() with the active site of selenium-glutathione
peroxidase. J. Inorg. Biochem., 20: 313-325.

Chen, C., J. Zhao, P. Zhang and Z. Chai, 2002.
Speciation and subcellular location of Se-containing
proteins in human liver studied by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and
hydride generation-atomic fluorescence
spectrometric detection. Anal. Bioanal. Chem., 372:
426-430.

381

Edens, F.W., 2002. Practical applications for
selenomethionine: broiler breeder reproduction. In:
Lyons, T.P., Jacques, K.A. (Eds.). In: Biotechnology
in the Feed Industry. Nottingham University Press,
Nottingham, UK. Proc. 18th Alltech Ann. Symp., 18:
29-42.

Ejima, K., H. Nanri, N. Toki, M. Kashimura and M. lkeda,
1999. Localization of thioredoxin reductase and
thioredoxin in normal human placenta and their
protective effect against oxidative stress. Placenta,
20: 95-101.

Fischer, J., A. Bosse, E. Most, A. Mueller and J. Pallauf,
2008. Selenium requirement of growing male
turkeys. Br. Poult. Sci., 49: 583-591.

Gallegos, A., M. Berggren, J.R. Gasdaska and G. Powis,
1997. Mechanisms of the regulation of thioredoxin
reductase activity in cancer cells by the
chemopreventive agent selenium. Cancer Res., 57:
4965-4970.

Ganther, H.E., 1999, Selenium metabolism,
selenoproteins and mechanisms of cancer
prevention: complexities with thioredoxin reductase.
Carcinogenesis, 20: 1657-1666.

Gladyshev, V.N., K.T. Jeang and T.C. Stadtman, 1996.
Selenocysteine, identified as the penultimate c-
terminal residue in human t-cell thioredoxin
reductase, corresponds to tga in the human
placental gene. Proc. Nat. Acad. Sci., USA, 93: 6146-
6151.

Gladyshev, V.N., KT. Jeang, T.C. Wootton and D.L.
Hatfield, 1998. A new human selenium-containing
protein. Purification, characterization and cdna
sequence. J. Biol. Chem., 273: 8910-8915.

Gowdy, K.M., 2004. Selenium Supplementation and
Antioxidant Protection in Broiler Chickens. M. Sci.
Thesis, The Graduate School, North Carolina State
University, Raleigh, NC 27695, USA.

Gromer, S., L. Johansson, H. Bauer, L.D. Arscott, S.
Rauch, D.P. Ballou, C.H. Williams Jr., R.H.
Schimmer and E.S. Arner, 2003. Active sites of
thioredoxin reductases: Why selenoproteins? Proc.
Nat. Acad. Sci. USA, 100: 12618-12623.

Hill, K.E., G.W. McCollum, M.E. Boeglin and R.F. Burk,
1997. Thioredoxin reductase activity is decreased by

selenium deficiency. Biochem. Biophys. Res.
Commun., 234: 293-295.

Hu, M.L, C.J Dilard and AL. Tappel, 1988.
Aurothioglucose effect on  sulfhydryls and

glutathione-metabolizing enzymes: in vivo inhibition
of selenium-dependent glutathione peroxidase.
Res. Commun. Chem. Pathol. Pharmacol., 59: 147-
160.

Humann-Ziehank, E., K. Renko, A.S. Mueller, P. Roehrig,
J. Wolfsen and M. Ganter, 2013. Comparing
functional metabolic effects of marginal and
sufficient selenium supply in sheep. J. Trace Elem.
Med. and Biol., 27: 380-390.



Int. J. Poult. Sci., 14 (7). 376-382, 2015

Kim, T.S. and G.F. Combs Jr., 1993 Effects of
aurothioglucose and dietary Se on glutathione S-
transferase activities and glutathione
concentrations in chick tissues. Biol. Trace Elem.
Res., 37: 165-177.

Kohrl, J., R. Brigelius-Flohe, A. Bock, R. Gartner, O.
Meyer and L. Flohe, 2000. Selenium in biclogy:
Facts and medical perspectives. Biol. Chem., 381:
849-864.

Karunasinghe, N., L.R. Ferguson, J. Tuckey and J.
Masters, 2006. Hemolysate thioredoxin reductase
and glutathione peroxidase activities correlate with
serum selenium in a group of New Zealand men at
high prostate cancer risk. J. Nutr., 136: 2232-2235.

Karunasinghe, N., D.Y. Han, S. Zhu, H. Duan, Y.J. Ko,
J.F. Yu, CM. Triggs and L.R. Ferguson, 2013.
Effects of supplementation with selenium, as
selenized yeast, in a healthy male population from
New Zealand. Nutr. Cancer, 65: 355-366.

Levander, O.A., D.P. Deloach, V.C. Morris and P.BE.
Moser, 1983. Platelet glutathione peroxidase activity
as an index of selenium status in rats. J. Nutr., 113:
55-63.

Liu, 8Y. and T.C. Stadtman, 1997. Heparin-binding
properties of selenium-containing thioredoxin
reductase from hela cells and human lung
adenocarcinoma cells. Proc. Nat. Acad. Sci. USA,
94: 6138-6141.

Luthman, M. and A. Holmgren, 1982. Rat liver
thioredoxin and thioredoxin reductase: Purification
and characterization. Biochem., 21: 6628-6633.

Mahmoud, K.Z. and F.W. Edens, 2003. Influence of
selenium sources on age-related and mild heat
stress-related changes of blood and liver
glutathione redox cycle in broiler chickens (Gaflus
domesticus). Comp. Biochem. Physiol. B, Biochem.
Molec. Biol., 136: 921-934.

Marchionatti, A.M., A.V. Perez, G.E. Diaz De Barboza, B.M.
Pereira and N.G. Tolosa De Talamoni, 2008.
Mitochondrial dysfunction is responsible for the
intestinal calcium ahsorption inhibition induced by
menadione. Biochim. Biophys. Acta, 1780: 101-107.

Mercurio, S.D. and G.F. Combs Jr., 1985. Drug-induced
changes in selenium-dependent glutathione
peroxidase activity in the chick. J. Nutr., 115: 1459-
1470.

Mercurio, S.D. and G.F. Combs Jr., 1986. Selenium-
dependent glutathione peroxidase inhibitors
increase toxicity of prooxidant compounds in chicks.
J. Nutr., 116: 1726-1734.

Mustacich, D. and G. Powis, 2000. Thioredoxin
reductase. Biochem. J., 346 Pt 1: 1-8.

Oberley, T.D., E. Verwiebe, Z. Weixiong, S.W. Kang and
5.G. Rhee, 2001. Localization of the thioredoxin
system in normal rat kidney. Free Radic. Biol. Med.,
30: 412-424.

382

Oxis International Inc, 2009. Bioxytech GR-340™
technical manual, Revision 0397, Part No. 7598,
Foster City, CA.

Powis, G. and W.R. Montfort, 2001. Properties and
biological activities of thioredoxins. Ann. Rev.
Biophys. Biomolec. Struct., 30: 421-455.

Rigobello, M.P., M.T. Callegaro, E. Barzon, M. Benetti and
A. Bindoli, 1998. Purification of mitochondrial
thioredoxin reductase and its involvement in the
redox regulation of membrane permeability. Free
Radic. Biol. Med., 24: 370-376.

Rotruck, J.T., A.L. Pope, H.E. Ganther, A.B. Swanson,
D.G. Hafeman and W.G. Hoekstra, 1973. Selenium:
biochemical role as a component of glutathione
peroxidase. Sci., 179: 588-590.

Rozell, B., H.A. Hansson, M. Luthman and A. Holmgren,
1985.  Immunohistochemical  localization  of
thioredoxin and thioredoxin reductase in adult rats.
Eur. J. Cell Biol., 38: 79-86.

Rozell, B., A. Holmgren and H.A. Hansson, 1988.
Ultrastructural demonstration of thioredoxin and
thioredoxin reductase in rat hepatocytes. Eur. J. Cell
Biol., 46: 470-477.

SAS Institute, 2004. Statistical Analysis System, Version
9.3. SAS Institute Inc., Cary, NC.

Smith, A.D., C.A. Guidry, V.C. Morris and O.A. Levander,
1999. Aurothioglucose inhibits murine thioredeoxin
reductase activity in vivo. J. Nutr., 129: 194-198.

Smith, A.D., V.C. Morris and O.A. Levander, 2001. Rapid
determination of glutathione peroxidase and
thioredoxin reductase activities using a 96-well
microplate format: Comparison to standard cuvette-
based assays. Internat. J. Vit. Nutr. Res., 71: 87-92.

Soderberg, A., B. Sahaf and A. Rosen, 2000. Thioredoxin
reductase, a redox-active selenoprotein, is secreted
by normal and neoplastic cells: presence in human
plasma. Cancer Res., 60: 2281-2289.

St. Clair, C. and C. Chow, 1996. Glutathione peroxidase
activity and steady state level of mRNA, In:
Punchard, N., Kelly, F. (Eds.), Free Radicals: A
Practical Approach. Oxford University Press, Oxford,
UK, pp: 227-240.

Sunde, R.A. and K.B. Hadley, 2010. Phospholipid
hydroperoxide glutathione peroxidase (Gpx4) is
highly regulated in male turkey poults and can be
used to determine dietary selenium requirements.
Exp. Biol. Med., 235: 23-31.

Upton, JR., FW. Edens and P.R. Ferket, 2008. The
effects of dietary oxidized fat and selenium source
on performance, glutathione peroxidase and
glutathione reductase activity in broiler chickens, J.
Appl. Poult. Res., 18: 193-202.



	fin2770 - Copy_Page_1
	fin2770 - Copy_Page_2
	fin2770 - Copy_Page_3
	fin2770 - Copy_Page_4
	fin2770 - Copy_Page_5
	fin2770 - Copy_Page_6
	fin2770 - Copy_Page_7
	IJPS.pdf
	Page 1


