Forms of selenium in vitamin-mineral mixes differentially affect serum alkaline
phosphatase activity, and serum albumin and blood urea nitrogen concentrations, of
steers grazing endophyte-infected tall fescue
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ABSTRACT: The goal of this study was to test
the hypothesis that sodium selenite (ISe), SEL-
PLEX (OSe), vs. a 1:1 blend (MIX) of ISe and
OSe in a basal vitamin-mineral mix would differ-
entially affect serological and hepatic parameters
of growing steers grazing toxic endophyte-infected
tall fescue-mixed forage pasture. Predominately
Angus steers (BW = 183 + 34 kg) were randomly
selected from herds of fall-calving cows grazing
endophyte-infected tall fescue-mixed pasture and
consuming vitamin-mineral mixes that contained
35 ppm Se as ISe, OSe, and MIX forms. Steers were
weaned, depleted of Se for 98 d, and subjected to
summer-long common grazing of an endophyte-
infected tall fescue-mixed pasture (0.51 ppm total
ergovaline + ergovalinine; 10.1 ha). Steers were as-
signed (n = 8§ per treatment) to the same Se form
treatments upon which they were raised. Se treat-
ments were administered by daily top-dressing
85 g of vitamin-mineral mix onto 0.23 kg soyhulls,
using in-pasture Calan gates. The PROC MIXED
procedure of SAS was used to assess the effect of
Se form treatments on serum parameters at day 0,
22,43, 64, and 86. After slaughter, the effect of Se
treatment on hepatic alkaline phosphatase (tissue
nonspecific isoform, TNALP) mRNA, protein,

and albumin protein content was assessed using
the PROC GLM procedure of SAS. Fisher’s pro-
tected LSD procedure was used to separate treat-
ment means. Partial correlation analysis was used
to evaluate the relationship among whole blood Se
concentration and serum parameters, accounting
for the effect of time. Across periods, MIX steers
had more (P < 0.04) serum albumin than OSe
and ISe steers, respectively. However, the rela-
tive hepatic bovine serum albumin protein con-
tent was not affected (P = 0.28) by Se treatments.
Serum alkaline phosphatase activity was greater
(P <£0.01) in MIX and OSe steers. Similarly, hep-
atic TNALP protein content in MIX steers was
greater (P = 0.01) than ISe steers. Partial correl-
ation analysis revealed that serum albumin, blood
urea nitrogen, and alkaline phosphatase activity
were correlated (r > 0.23, P < 0.02) with whole
blood Se concentration. In summary, consump-
tion of 3 mg Se/d as OSe or MIX forms of Se in
vitamin-mineral mixes increased serum albumin
concentration and alkaline phosphatase activity,
the reduction of which is associated with fescue
toxicosis. We conclude that the organic forms of
Se ameliorated the depression of 2 of known sero-
logical biomarkers of fescue toxicosis.
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INTRODUCTION

Ergot alkaloids produced by symbiont endo-
phytes in tall fescue (Lolium arundinaceum) have
been identified as causative agents for a variety
of negative physiological capacities, collectively
known as fescue toxicosis (Strickland et al., 2011).
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In addition to the classical suppression of serum
prolactin, decreased serum alkaline phosphatase ac-
tivity is another common clinical marker associated
with cattle grazing endophyte-infected tall fescue
(Boling et al., 1989; Schultze et al., 1999; Brown
et al., 2009; Jackson et al., 2015). Other serological
markers of fescue toxicosis have been reported,
including decreased aspartate aminotransferase ac-
tivity (Brown et al., 2009), alanine aminotransferase
activity (Oliver et al., 2000; Brown et al., 2009), al-
bumin concentration (Jackson et al., 2015), and cre-
atinine kinase activity (Dougherty et al., 1991), but
increased creatinine concentration (Schultze et al.,
1999). However, the exact mechanisms, as well as
the physiological consequence of these serological
changes have not been fully delineated.

Besides fescue toxicosis, another challenge
faced by many endophyte-infected tall fescue-based
beef cattle operations is that the forage often is
Se-inadequate (below 0.1 ppm; NASEM, 2016),
due to Se-poor soils (Ammerman and Miller, 1975).
A common method used to supplement Se to the
diet of beef cattle is the inclusion of Se in free-
choice vitamin-mineral mixes. Although inorganic
forms (sodium selenite, sodium selenite) of Se are
most commonly used, the use of organic forms of
Se (OSe) in vitamin-mineral mixes typically results
in greater blood and tissue Se concentrations (bio-
availability) (Nicholson et al., 1991; Gunter et al.,
2003; Liao et al., 2011). Interestingly, feeding a 1:1
blend of ISe:OSe (MIX) results in equal amount of
Se in whole blood, red blood cells, serum, and liver
of heifers as when supplemented with only OSe,
both of which are greater than ISe-supplemented
heifers (Brennan et al., 2011). Hepatic transcrip-
tome profiles have indicated that, compared to
ISe or OSe, MIX uniquely stimulates expres-
sion of genes involved in selenoprotein synthesis
and glutamate/glutamine metabolism (Matthews
et al., 2014). Serendipitously, some of the genes
upregulated by MIX were found downregulated in
the liver (Liao et al., 2015) and pituitary (Li et al.,
2017) of steers grazing high vs. low endophyte-
infected forages. Subsequently, a study (Jia et al.,
2018) was conducted to evaluate the effect of forms
(ISe, OSe, and MIX) of supplemental Se on physio-
logical parameters of growing steers subjected to
summer-long grazing of endophyte-infected tall
fescue pasture. As a hallmark of fescue toxicosis, the
concentration of serum prolactin in this study was
decreased over time in all steers. However, across
summer-long grazing periods, steers supplemented
with MIX or OSe forms of Se had 59% (P < 0.03)
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and 52% (P < 0.05) more serum prolactin than ISe
steers, respectively (Jia et al., 2018).

To elaborate and explore these findings from
the initial study (Jia et al., 2018), the first goal of
this study was to test the hypotheses that the form
(ISe, OSe, and MIX) of supplemental Se in vitamin-
mineral mixes consumed by growing beef steers
grazing endophyte-infected tall fescue forage would
ameliorate the negative serological parameters as-
sociated with fescue toxicosis, including depressed
serum alkaline phosphatase activity and albumin
content. The second goal was to evaluate the po-
tential relationships between whole blood Se con-
centration and serum clinical parameters.

MATERIALS AND METHODS

All experimental procedures were approved by
the University of Kentucky Institutional Animal
Care and Use Committee (IACUC protocol
#1007A2006).

Animals, Slaughter, and Tissue Collection

Specific descriptions of the animal model, Se
treatment administration, and liver sample collec-
tion procedures of experimental samples used in
the current study have been described (Jia et al.,
2018). However, briefly, 24 suckling predomin-
antly Angus beef steers (BW: 183 + 33.9 kg, age:
166 + 14.2 d) were randomly selected (n = 8) from
herds of fall-calving cows grazing toxic endophyte-
infected tall fescue-mixed forage pastures and that
had ad libitum access to a common, basal, vitamin-
mineral mix that contained either 35 mg/kg Se as
ISe (sodium selenite, Prince Se concentrate; Prince
Agri Products, Inc., Quincy, IL), OSe (SEL-PLEX,
Alltech Inc., Nicholasville, KY), or an 1:1 blend
of ISe:0OSe (MIX) forms. Over a pre-study, 98-d
Se-depletion period (March 11 to June 17, 2015),
steers were weaned, trained to consume the basal
vitamin-mineral mix (lacking Se) from in-pasture
Calan gates and, thereby, commonly depleted of
Se. During this 98-d period, the ADG of steers was
0.82 £0.18 kg/d.

Steers then began (day 0) an 86-d (June 17
to September 9, 2015) common grazing period
in which steers collectively grazed a predomin-
ately endophyte-infected tall fescue-mixed pas-
ture (10.1 ha), and individually consumed their
respective Se-form-specific vitamin-mineral mix
treatments (ISe, OSe, MIX) through the use of
in-pasture Calan gates. Steers were assigned to the
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same Se-form-specific vitamin-mineral mix treat-
ment on which they were raised and which their
dams received. The Se-specific mixes contained
the basal mix plus 35 mg Se/kg as ecither ISe, OSe,
or MIX. The composition of the basal vitamin-
mineral mix was analyzed by Dairy One (Dairy
One Cooperative, Inc., Ithaca, NY) and was pre-
viously described in the initial study (Jia et al.,
2018). To ensure individual consumption of 3 mg
Se/d per steer, 85 g of the specific vitamin-mineral
mix (35 mg/kg Se) was top-dressed onto 227 g of
soyhulls in each individual Calan gate feeder. The
consumption of the mixture of soyhulls/vitamin-
mineral mix was monitored daily, and all steers
consumed all of the mixture every day. Thus, every
steer consumed 3 mg of supplemental Se/d. During
this 86-d period, 2 ISe steers were removed from
the trial due to a bad hoof and failure to consume
their mineral treatment. Thus, the final number of
experimental observations was as follows: ISe = 6,
OSe =8, and MIX = 8.

Steers were slaughtered over a 26-d period,
from day 93 to 119 (September 17 to October 13,
2015) of the study. Specifically, 1 OSe and 1 MIX
steer were killed on the first 2 slaughter days. On
the remaining 6 slaughter days, 1 steer each from
ISe, OSe, and MIX treatment groups was killed.
The slaughter process for these steers has been de-
scribed in detail (Jia et al., 2018). Liver samples
were collected from the mid-lower right lobe and
placed in foil packs, snap-frozen in liquid nitrogen,
and stored at —80 °C for microarray and real-time
RT-PCR analyses.

Pasture samples (30 sites per sample day) were
collected throughout the common grazing (days 0,
22,43, 64, 86) and slaughter (day 115) periods and
analyzed separately. The mean total concentration
of ergovaline and ergovalanine was 0.51 ppm (Jia
etal., 2018).

Blood Collection and Analyses

Jugular vein blood samples were collected
by venipuncture on day 0, 22, 43, 64, and 86. For
serum, 16 mL of blood was collected in serum
blood collection tubes (Becton Dickinson) without
an anticoagulant. Serum was recovered after centri-
fugation at 3,000 X g for 10 min at 4 °C, and stored
at —80 °C. All serum enzymes and analytes were as-
sayed by the American Association for Veterinary
Laboratory Diagnosticians approved-University
of Kentucky Veterinary Diagnostic Laboratory
(Lexington, KY). For serum enzymes, activ-
ities of alkaline phosphatase (ALP), E.C. 3.1.3.1;
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aspartate transaminase (AST/SGOT), E.C. 2.6.1.1;
v-glutamyltransferase (GGT), E.C. 2.3.22; creatine
kinase, E.C. 2.7.3.2 were determined as per the
manufacturer of the reagent kits (Alfa Wassermann,
Diagnostic Technologies, West Caldwell, NIJ)
using a VET AXCEL Chemical Analyzer (Alfa
Wassermann, Diagnostic Technologies, West
Caldwell, NJ).

Western Blot Analysis

All western blot and densitometric analyses
for the relative expression of targeted proteins
were performed using a standard protocol of our
lab as previously described (Miles et al., 2015).
Approximately 0.2 g of liver was homogenized on
ice for 30 s (setting 11, Polytron Model PT10/35,
Kinematic Inc., Lucerne, Switzerland) in 7.5 mL of
4 °C sample extraction buffer solution [0.25 mM
sucrose, 10 mM HEPES-KOH pH 7.5, 1 mM
EDTA, and 50 pL of protease inhibitor (Sigma, St.
Louis, MO)]. Protein was quantified by a modified
Lowry assay, using bovine serum albumin (BSA) as
a standard (Kilberg, 1989). Proteins were separated
using 12% SDS-PAGE and electrotransferred onto
a 0.45 pm nitrocellulose membrane (Bio-Rad) and
then stained with Fast-Green (Fisher, Pittsburgh,
PA). The relative amount of stained protein per
lane per sample was determined by densitometric
analysis and recorded as arbitrary units (Brown
et al., 2009).

The use of rabbit IgG anti-BSA polyclonal
antibody and rabbit IgG anti-bovine alkaline phos-
phatase (tissue nonspecific, liver/bone/kidney;
TNALP) was validated by pre-adsorption of pri-
mary antibodies with their respective antigen poly-
peptides, using the general procedures of Xue
et al. (2011). Immunoreaction products for BSA
(M, = 69 kDa, Supplementary Figure S1) and
TNALP (M_ = 21, 37, 48 kDa, Supplementary
Figure S2) in liver homogenates (5 pg for BSA,
30 pg for TNALP) were abolished if pre-adsorbed
(ng:ug) with increasing amounts of their antigens,
thus validating their use. The relative protein con-
tent of BSA and TNALP in liver homogenates
was detected using procedures as previously de-
scribed (Miles et al., 2015). Briefly, blots were hy-
bridized with 1 pg of IgG anti-BSA polyclonal
antibody (Abcam Inc., Cambridge, MA) per milli-
liter of blocking solution [3% nonfat dry milk (wt/
vol), 30 mM Tris-CI (pH 7.5), 200 mM NacCl, 0.1%
Tween 20 (vol/vol)] for 1.5 h at room temperature
with gentle rocking. For TNALP detection, blots
were hybridized with 0.6 pg IgG anti-recombinant
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bovine TNALP polyclonal antibody (MyBioSource,
San Diego, CA) per milliliter of blocking solution
[5% nonfat dry milk (wt/vol), 30 mM Tris-Cl (pH
7.5), 125 mM NacCl, 0.1% Tween 20 (vol/vol)] for
1.5 h at room temperature with gentle rocking.
Protein—primary antibody-binding reactions were
visualized with a chemiluminescence kit (Pierce,
Rockford, IL) after hybridization of primary anti-
body with horseradish peroxidase-conjugated
donkey anti-rabbit IgG (Amersham, Arlington
Heights, IL; TNALP, 1:5,000).

Densitometric analysis of immunoreactive
products was performed as described previously
(Miles et al., 2015). After exposure of autoradio-
graphic film (Amersham, Arlington Heights, IL),
digital images of all observed immunoreactive
species were recorded and quantified as described
(Dehnes et al., 1998). Apparent migration weights
(M) were calculated by regression of the distance
migrated against the M_of a 16 to 185 kDa standard
(Gibco BRL, Grand Island, NY) using the Versadoc
imaging system (Bio-Rad) and Quantity One soft-
ware (Version 4.2.3, Bio-Rad). Band intensities
of the single immunoreactant (69 kDa) for BSA,
and the predominant immunoreactant (37 kDa)
for TNALP, were quantified by densitometry (as
described above for Fast-Green-stained proteins)
and reported as arbitrary units. Densitometric data
were corrected for unequal (10%, TNALP; 17%,
BSA) loading, transfer, or both, and amount of
detected protein normalized to relative amounts
of Fast-Green-stained proteins common to all
immunoblot lanes/samples (Miles et al., 2015).
Digital images were prepared using PowerPoint
software (Microsoft, PowerPoint 2013, Bellevue,
MA).

Hepatic RNA Extraction and Analysis

For each animal, total RNA was extracted from
300 mg of frozen liver tissue using TRIzol Reagent
(Invitrogen Corporation, Carlsbad, CA) following
the manufacturer’s instructions. The purity and
concentration of total RNA samples was analyzed
using a NanoDrop ND-100 Spectrophotometer
(NanoDrop Technologies, Wilmington, DE).
All samples had an average concentration of
1.05 pg/pL and a high purity with 260/280 absorb-
ance ratios of 1.98 to 2.03 and 260/230 absorbance
ratios ranging from 1.89 to 2.18. The integrity of
total RNA was examined by gel electrophoresis
using an Agilent 2100 Bioanalyzer System (Agilent
Technologies, Santa Clara, CA) at the University of
Kentucky Microarray Core Facility. Visualization
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of gel images and electropherograms showed that
all RNA samples were of high quality with 28S/18S
rRNA absorbance ratios greater than 2 and RNA
integrity numbers (RIN) greater than 8.7.

Real-Time RT-PCR Analysis

The quantification of relative mRNA for genes
of interest was performed using standard proced-
ures in our laboratory, as previously described
(Cerny et al., 2016). Briefly, 1 pg of each steer’s liver
RNA was reversely transcribed to cDNA using
the SuperScript III 1st Strand Synthesis System
(Invitrogen). Real-time RT-PCR was performed
using an Eppendorf Mastercycler ep realplex2
system (Eppendorf, Hamburg, Germany) with 1Q
SYBR Green Supermix (Bio-Rad, Hercules, CA).
A total volume of 25 pL was used in each real-time
RT-PCR reaction containing 5 pL of ¢cDNA, 1 uL
of a 10 pM stock of each primer (forward and re-
verse), 12.5 pL of 2X SYBR Green PCR Master
Mix, and 5.5 pL of nuclease-free water. The rela-
tive amount of each transcript was calculated using
the 2724¢T method (Livak and Schmittgen, 2001).
Primer sets (Supplementary Table S1) for genes
of interest were designed using the NCBI Primer-
BLAST tool (https://www.ncbi.nlm.nih.gov/tools/
primer-blast/) based on their respective RefSeq se-
quence (https://www.ncbi.nlm.nih.gov/refseq/, ac-
cessed February to April, 2018).

All real-time RT-PCR cDNA products were
validated by DNA sequencing and were 99% to
100% identical with their RefSeq (https://www.ncbi.
nlm.nih.gov/refseq/) sequences (Supplementary
Table S1). Briefly, the PCR-amplified cDNA
products were electrophoresed in a 1.2% agarose
(ULTRAPURE agarose, Invitrogen, Carlsbad, CA)
slab gel. A single cDNA band at the desired size was
identified under a UV light, excised from the gel,
purified using the PureLink Quick Gel Extraction
Kit (Invitrogen, Carlsbad, CA), then sequenced
by Eurofins Genomics (Eurofins MWG Operon
LLC, Louisville, KY). The resulting sequences
(Supplementary Figure S3) were compared to the
NCBI RefSeq mRNA sequences used as templates
for primer pair set design. From 9 constitutively ex-
pressed gene candidates (ACTB, GAPDH, SDHA,
PCK2, UBC, YWHAZ, HPRTI, PPIA, TBP) 3
constitutively expressed genes (YWHAZ, tyrosine
3-monooxygenase/tryptophan  5-monooxygenase
activation protein zeta; HPRTI1, hypoxanthine
phosphoribosyltransferase; PPIA, peptidylprolyl
isomerase A) were selected with the lowest average
stability value of M = 0.19, calculated using the
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geNorm software v3.5 (Vandesompele et al., 2002).
The relative mRNA expression was normalized to
the geometric means of 3 constitutively expressed
genes. For the RT-PCR analysis, n = 6, 8, and 8
samples were used for ISe, OSe, and MIX treat-
ments, respectively. RT-PCR reactions were per-
formed in triplicate.

Statistical Analysis

Data are presented as least square means
(SEM). Steers were the experimental units. The ef-
fect of Se supplementation on serum analytes was
evaluated by ANOVA, using the PROC MIXED
procedure of SAS (v 9.4, SAS Inst. Inc., Cary,
NCO). The statistical model included Se supplemen-
tation, time, and their interaction as fixed effects.
Class variables were Se supplementation and steer,
with steer included in the random statement. The
Kenward-Roger adjustment was used to calculate
the denominator of df (Kenward and Roger, 1997).
Within Se supplement treatments, nonorthogonal
polynomial contrasts (linear, quadratic, cubic, and
quartic) were used to characterize the effect of Se
treatments over time on serum clinical parameters,
using the PROC IML procedure of SAS to generate
coefficients for unequally spaced contrasts. The
highest order contrast that was statistically signifi-
cant is reported. Partial correlations between whole
blood Se concentrations and serum clinical analytes,
and controlling the effects of day, were conducted
by using the MANOVA/PRINTE statement of
PROC GLM procedure of SAS. After slaughter, the
effect of Se supplementation on the relative abun-
dance of hepatic mRNA (RT-PCR) and protein
(western blotting) was assessed by ANOVA, using
the PROC GLM procedure of SAS. For all data,
Fisher’s protected LSD procedure was used to sep-
arate treatment means.

RESULTS

Serum Clinical Parameters

Serum alkaline phosphatase activity was af-
fected (P = 0.01) by Se treatment (Fig. 1A). Across
periods, MIX and OSe steers had 42% (P < 0.01)
and 40% (P = 0.01) more serum alkaline phos-
phatase activity than ISe steers, respectively, and
did not differ from each other (P = 0.87). A day
effect was observed (P < 0.01) in serum alkaline
phosphatase activity, but there was no (P = 0.70) Se
treatment by day interaction. Across Se treatments,
serum alkaline phosphatase activity on day 0, day
22, and day 64 was not different (P > 0.15) within
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Figure 1. Serum alkaline phosphatase (A), albumin (B), and
blood urea nitrogen (C) concentrations in growing beef steers grazing
endophyte-infected tall fescue and supplemented with 3 mg Se/d in
vitamin-mineral mixes as sodium selenite (ISe, triangle), SEL-PLEX
(OSe, square), or an 1:1 blend of ISe and OSe (MIX, diamond). Data
are the least squares means (n = 6 for ISe, n = 8 for OSe and MIX) *
SE. (A) Se form (P = 0.01), time (P < 0.01), and Se form by time inter-
action (P = 0.70). (B) Se form (P = 0.03), time (P < 0.01), and Se form
by time interaction (P < 0.01). (C) Se form (P < 0.01), time (P < 0.01),
and Se form by time interaction (P = 0.92). Results for nonorthogonal
polynomial contrasts for Se treatments in panels A, B, and C are re-
ported in the Results section of the text. Note that the y-axis for panel
B does not begin at 0.

each other, and all greater than that on day 43 (P <
0.07) and day 86 (P < 0.01). Within Se treatments,
nonorthogonal polynomial contrast analysis re-
vealed that the serum alkaline phosphatase activity
of ISe steers decreased linearly (P = 0.05) in response
to time. Similarly, serum alkaline phosphatase ac-
tivity of MIX steers tended (P = 0.07) to decrease
linearly in response to time. In contrast, serum alka-
line phosphatase activity of OSe steers did not (P 2
0.11) show a significant response to time.

The concentration of serum albumin was af-
fected by Se treatment (P =0.03), day (P <0.01), and
their interaction (P < 0.01) (Fig. 1B). Specifically,
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across periods, MIX steers had 4.3% (P =0.01) and
3.7% (P = 0.04) greater serum albumin concentra-
tions than OSe and ISe steers, respectively, whereas
the serum albumin concentration of OSe steers was
not significantly different (P = 0.74) from that of
ISe steers. Across Se treatments, the concentration
of serum albumin was least on day 86 (P < 0.01),
whereas day 22 had significantly greater (P < 0.02)
serum albumin than day 0 and day 64. The Se treat-
ment by day interaction seems to mostly reflect the
differential change of albumin concentration from
day 0 to day 22, and day 64 to day 86. Therefore,
nonorthogonal polynomial contrast analysis was
conducted to characterize the response pattern of
serum albumin to time within Se treatments. The
concentration of serum albumin essentially de-
creased in a quadratic manner for both ISe and OSe
steers, reflecting a marked drop of 7% (P = 0.10)
and 6% (P < 0.01), respectively, from day 64 to day
86. In contrast, the serum albumin concentration
of MIX steers did not (P > 0.07) change over time.
The differential response in serum albumin con-
centrations to time between ISe and OSe vs. MIX
is reflected by the significant Se treatment by day
interaction.

The concentration of blood urea nitrogen
was affected (P < 0.01) by Se treatment (Fig.
1C). Specifically, MIX and OSe steers had 21%
(P <0.01) and 17% (P < 0.01) greater blood urea
nitrogen than ISe steers, respectively, and did not
differ from each other (P = 0.50). A day effect was
found (P < 0.01) for blood urea nitrogen, but there
was no (P = 0.93) Se treatment by day interaction.
Across Se treatments, the concentration of blood
urea nitrogen was least on day 0 (P < 0.01), greatest
on day 64 (P < 0.05), and not different among day
22, day 43, and day 86 (P > 0.34). Within Se treat-
ments, nonorthogonal polynomial contrast ana-
lysis indicated that blood urea nitrogen increased
in response to time in a quadratic manner for ISe
(P = 0.02), OSe (P = 0.02), and MIX (P = 0.01)
steers, apparently reflecting a marked increase from
day 0 to day 22 before plateauing.

A main effect of Se supplementation treatment
(P = 0.03), day (P < 0.01), and their interactions
(P < 0.01) were observed for serum sodium concen-
trations (Fig. 2A). Across periods, MIX steers had
1.4% greater (P < 0.01) serum sodium concentra-
tion than ISe steers, but did not differ (P = 0.21)
from OSe steers. The concentration of serum so-
dium between ISe and OSe steers was not different
(P =0.11). Across Se treatments, the concentration
of serum sodium among day 0, day 43, and day 86
was not different (P > 0.07), and greater (P < 0.01)
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Figure 2. Serum sodium (A), phosphorus (B), and magnesium (C)
concentrations in growing beef steers grazing endophyte-infected tall
fescue and supplemented with 3 mg Se/d in vitamin-mineral mixes as
sodium selenite (ISe, triangle), SEL-PLEX (OSe, square), or an 1:1
blend of ISe and OSe (MIX, diamond). Data are the least squares
means (n = 6 for ISe, n = 8 for OSe and MIX) * SE. (A) Se form
(P =0.03), time (P < 0.01), and Se form by time interaction (P < 0.01).
(B) Se form (P < 0.01), time (P < 0.01), and Se form by time inter-
action (P = 0.48). (C) Se form (P = 0.02), time (P < 0.01), and Se form
by time interaction (P < 0.01). Results for nonorthogonal polynomial
contrasts for Se treatments in panels A, B, and C are reported in the
Results section of the text. Note that the y-axis for panels A and B does
not begin at 0.

than those on day 22 and day 64. Within Se treat-
ments, nonorthogonal polynomial contrast showed
that the concentration of serum sodium responded
in a quartic manner to time for ISe (P = 0.02), OSe
(P <0.01), and MIX (P = 0.01) steers.

The concentration of serum phosphorus was
affected (P < 0.01) by Se treatment (Fig. 2B).
Specifically, OSe steers had 11% (P < 0.01) and
6.8% (P = 0.04) greater serum phosphorus concen-
tration than MIX and ISe steers, respectively, but
ISe and MIX steers did not differ (P = 0.23) from
each other. A day effect (P < 0.01) was observed on
serum phosphorus concentration, but there was no
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(P = 0.48) Se treatment by day interaction. Within
Se treatments, according to nonorthogonal polyno-
mial contrast analysis, serum phosphorus concen-
tration tended (P = 0.08) to quadratically decrease
in response to time in ISe steers. However, the con-
centration of serum phosphorus in OSe steers de-
creased in a cubic manner (P < 0.01) over time,
whereas it tended (P = 0.07) to cubically decrease
in MIX steers.

The concentration of serum magnesium was af-
fected by Se treatment (P = 0.02), day (P < 0.01),
and Se treatment by day interaction (P < 0.01) (Fig.
2C). Across periods, OSe steers had 7.2% greater
(P <0.01) serum magnesium concentration than ISe
steers, but did not differ (P = 0.06) from MIX steers.
The concentration of serum magnesium between ISe
and MIX steers did not differ (P = 0.29). Within Se
treatments, nonorthogonal polynomial contrast ana-
lysis showed an essentially linear (P < 0.01) increase
of serum magnesium concentration in response
to time for ISe and OSe steers. In contrast, serum
magnesium concentrations of MIX steers tended
(P = 0.07) to cubically increase in response to time.

The blood urea nitrogen:creatinine ratio was af-
fected by Se treatment (P < 0.01) and day (P < 0.01)
(Table 1). However, no Se treatment by day inter-
action was observed (P = 0.21). More specifically,
within the main effect of Se treatments, OSe and
MIX steers had 20% (P < 0.01) and 17% (P < 0.01)
greater blood urea nitrogen:creatinine ratio than
ISe steers. This Se treatment effect might be driven
by the combination of elevated blood urea nitrogen
concentration (P < 0.01), and unchanged creatinine
concentration (P = 0.51) in OSe and MIX steers vs.
ISe steers.

Significantdayeffects(P<0.02) were observed for
serum potassium, chloride, calcium, creatinine, glu-
cose, creatinine kinase, aspartate aminotransferase,
v-glutamyltransferase, total protein, and globulin
analytes, and the albumin:globulin ratio. However,
no Se treatment effect (P > 0.13) was observed in
these serum parameters. A Se treatment X day
interaction was found (P < 0.01) for serum chloride,
total protein, and globulin concentrations, and the
albumin:globulin ratio.

Hepatic BSA Protein Content, Alkaline
Phosphatase mRNA, and Protein Content

The relative amount of hepatic BSA protein
was not affected (P = 0.28) by Se treatment
(Table 2; Fig. 3). In contrast, selenium treatment
did affect (P = 0.04) the amount of hepatic alka-
line phosphatase (tissue nonspecific, liver/bone/
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kidney, TNALP), with MIX steers having 147%
more (P = 0.01) TNALP than ISe steers, and not
differing (P = 0.17) from OSe steers (Table 2; Fig.
3). No difference (P = 0.15) was found in TNALP
protein content between OSe and ISe steers, despite
OSe steers having numerically more (78%) TNALP
than ISe steers. In contrast, the relative expression
of hepatic TNALP mRNA did not differ (P = 0.37)
among Se treatments (Table 2).

Partial Correlation of Whole Blood Se
Concentration With Serum Clinical Parameters

For both across and within Se treatments, par-
tial correlation analysis was conducted to deter-
mine the relationships between whole blood Se
concentrations and serum clinical parameters, while
controlling the effect of day (Table 3). Across Se
treatments, weak positive correlations (0.244 > r >
0.209) were observed between whole blood Se and
serum albumin (P = 0.02), magnesium (P = 0.01),
potassium (P = 0.03), glucose (P = 0.03), and total
protein (P = 0.01). In contrast, the whole blood Se
was weakly and negatively correlated with serum
potassium (» = —0.213, P = 0.01).

Across Se treatments, moderate correlations
were found between the whole blood Se and
serum alkaline phosphatase (r = 0.321, P < 0.01),
blood urea nitrogen (r = 0.38, P < 0.01), cre-
atinine (r = —0.443, P < 0.01), and blood urea
nitrogen:creatinine ratios (r = 0.527, P < 0.01).

DISCUSSION

Animal Model

As described previously in the initial report
(Jia et al., 2018), the steers of this study had ad
libitum access to their respective supplemental Se
treatments as suckling calves before their selec-
tion into the trial, as did their dams. During this
preweaning period, the ad libitum intake of nei-
ther dams nor steers was determined. After being
weaned, depleted and then repleted with the form
of supplemental Se on which they were raised,
and adapted to eat from Calan gates, steers then
were subjected to summer-long common grazing
of tall fescue-mixed pasture, while individually
consuming 3 mg/d of their respective Se from ini-
tiation of the grazing period until their slaughter
(up to 113 d) by use of Calan gates. Although it is
likely that the postweaning regimen accounted for
the specific Se treatment-specific effects for most
measured parameters of this study, the possibility
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Table 1. Serum clinical parameters in growing beef steers grazing endophyte-infected tall fescue and sup-
plemented with 3 mg Se/d in vitamin-mineral mixes as sodium selenite (ISe), SEL-PLEX (OSe), or an 1:1

blend of ISe and OSe (MIX)

P-value

Item Treatment Day(0 Day22 Day43 Day64 Day8 SEM  Seform Day  Seform by Day

Potassium, mmol/L 1Se 4.53 3.98 4.23 4.09 4.37  0.060 0.78 <0.01 0.22
OSe 4.60 4.09 4.34 4.08 438 0.056
MIX 4.68 4.20 4.50 3.95 413  0.056

Chloride, mmol/L ISe 108.4 104.3 105.7  100.4 104.7  0.53 040 <0.01 <0.01
OSe 103.3 107.0 103.1  103.6 101.9 049
MIX 108.5 104.5 101.4  101.1 106.4 049

Calcium, mg/dL 1Se 10.21 10.00 9.41 9.96 9.57 0.088 043  <0.01 0.23
OSe 9.70 10.25 9.34 9.79 9.51 0.081
MIX 9.65 10.39 9.49 9.71 10.06  0.081

Creatinine, mg/dL 1Se 1.43 1.12 1.11 1.00 1.24  0.037 0.51 <0.01 0.05
OSe 1.35 1.13 1.09 1.03 1.18 0.035
MIX 1.46 1.15 1.16 1.10 1.18 0.035

Blood urea nitrogen':creatinine ratio ISe 8.43 13.67 14.14  16.86 12.71 0470 <0.01 <0.01 0.21
OSe 10.88 16.25 16.50  19.50 15.38 0.437
MIX 10.38 15.88 16.13  17.63 16.38 0.437

Glucose, mg/dL ISe 82.9 84.3 84.7 81.6 777 148 0.79  <0.01 0.35
OSe 81.4 85.1 85.6 84.8 77.8  1.38
MIX 82.9 83.5 81.8 81.6 78.1  1.38

Creatinine kinase, U/L 1Se 218.4 218.7 187.9  199.7 180.4 9.2 0.71 <0.01 0.44
OSe 225.4 213.4 205.3  200.6 205.5 8.6
MIX 229.0 208.3 197.3 2148 1833 8.6

Aspartate aminotransferase, U/L 1Se 63.7 55.3 56.4 58.3 540 288 0.24 <0.01 0.10
OSe 62.4 60.0 60.9 61.5 58.5  2.69
MIX 70.8 60.4 60.8 63.0 659  2.69

v-Glutamyltransferase, U/L 1Se 13.14 13.00 15.14  14.86 14.14  0.749 0.73 0.02 0.50
OSe 13.00 14.88 1575  15.50 15.38  0.699
MIX 13.38 13.75 1425  14.88 15.75 0.701

Total protein, g/dL 1Se 6.67 6.83 7.19 6.84 7.14  0.082 0.13  <0.01 <0.01
OSe 6.88 7.05 7.24 7.03 6.95 0.076
MIX 7.11 7.28 7.19 7.25 7.01  0.076

Globulin, g/dL 1Se 3.57 3.73 4.09 3.77 424 0.094 0.61 <0.01 <0.01
OSe 3.81 3.90 4.15 3.96 4.11 0.088
MIX 4.00 4.04 3.99 4.10 3.86  0.088

Albumin':globulin ratio ISe 0.86 0.85 0.76 0.83 0.70  0.024 0.70  <0.01 <0.01
OSe 0.81 0.81 0.76 0.78 0.71 0.023
MIX 0.79 0.80 0.80 0.79 0.81 0.023

Data are least squares means (n = 6, ISe; n = 8, OSe; n = 8, MIX).
'Value of blood urea nitrogen and albumin are presented in Fig. 1.

exists that the specific Se treatment-specific effects
were influenced by events before imposition of the
postweaning regimen. For example, as discussed
below for the identified preexisting differences in
serum alkaline phosphatase activities and albumin
concentrations among ISe, OSe, and MIX steers at
day 0, inherent differences in the Se physiology of
these steer groups raised on different forms of Se
in their vitamin-mineral mixes during suckling may
have existed before random selection into the study
and imposition of the Se form-specific postweaning

regimens. It is for this possibility that steers were
assigned to consume the same form of Se in their
vitamin-mineral mixes that they and their dams re-
ceived before their selection into this study.

As described in the Materials and Methods
section, ISe, OSe, and MIX steers were randomly
selected from 3 cow-calf herds with free access to
ISe, OSe, and MIX form of Se in vitamin-mineral
mixes, respectively. Because Se was depleted for
98 d after selection, it is reasonable to suggest
that the preexisting differences in serum alkaline
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Table 2. Hepatic bovine serum albumin protein content, and alkaline phosphatase (tissue nonspecific, liver/
bone/kidney, TNALP) mRNA and protein content, in liver homogenates of slaughtered beef steers grazing
endophyte-infected tall fescue that were supplemented with 3 mg Se/d in vitamin-mineral mixes as sodium
selenite (ISe, n = 6), SEL-PLEX (OSe, n = 8), or an 1:1 blend of ISe and OSe (MIX, n = 8)!

Treatment®
Ttem ISe MIX OSe SEM P-value
Bovine serum albumin, protein? 2,329 2,579 1,825 344.3 0.28
TNALP, protein® 828 2,046° 1,470 298.0 0.04
TNALP, mRNA* 1.05 0.85 0.98 0.1 0.37

'Values are least squares means and pooled SEM.
Means within a row that lack a common letter differ (P < 0.05).

3Values (arbitrary densitometric units) were determined by densitometric evaluation of western blot data (Fig. 3).

*Values are relative level of mRNA expression normalized to the geometric mean of 3 constitutively expressed reference genes: tyrosine
3-monooxygenase/tryptophan 5-monooxygenase (YWHAZ), hypoxanthine phosphoribosyltransferase 1 (HPRT1), and peptidylprolyl isomerase

A (PPIA).
0Se MIX 1Se 0Se MIX 1Se
e .-' - e - —
—— s QD
TNALP X
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Figure 3. Western blot analysis of alkaline phosphatase (tissue
nonspecific, liver/bone/kidney, TNALP), and bovine serum albumin
(BSA) content in liver homogenates (45 pg per lane for BSA, 30 pg
per lane for TNALP) of slaughtered growing beef steers grazing
endophyte-infected tall fescue that were supplemented with 3 mg Se/d
in vitamin-mineral mixes as sodium selenite (ISe), SEL-PLEX (OSe),
or an 1:1 blend of ISe and OSe (MIX). Data are representative of 6 ISe,
8 OSe, and 8 MIX steers (as described in Table 2). The apparent migra-
tion weights (kDa) of the lower, middle, and upper immunoreactants
for TNALP were 21, 37, and 48, respectively. The apparent migration
weight (kDa) of the single immunoreactant for BSA was 69.

phosphatase activity and blood urea nitrogen con-
centration possibly were caused by Se status-
induced epigenetic effects.

Also as previously reported in the initial paper
of thisstudy (Jiaetal., 2018), the mean summer-long
concentration of ergot alkaloids in the endophyte-
infected tall fescue pasture was 0.51 ppm (ergovaline
plus ergovalinine). Importantly, a previous grazing
study from our lab showed summer-long grazing
of endophyte-infected tall fescue that contained
0.52 ppm ergovaline plus ergovalinine was sufficient
to induce fescue toxicosis (Brown et al., 2009). The
classic reduction of serum prolactin concentration
in steers of the current study confirms the onset of
fescue toxicosis. The observed rapid increase and
then stabilization in whole blood concentrations of
Se in all 3 Se treatment group steers is consistent

with our previous Se depletion/repletion regimens
with growing beef heifers (Brennan et al., 2011;
Liao et al., 2011). Moreover, compared to ISe
steers, OSe and MIX steers had greater serum pro-
lactin concentrations across summer-long (86-d)
grazing periods than ISe steers (Jia et al., 2018).
Taken together, the animal model was successfully
established to evaluate the ability of different forms
of supplemental Se to ameliorate the negative sero-
logical parameters of growing beef steers grazing
toxic endophyte-infected tall fescue pasture.

MIX and OSe Forms of Se Supplementation
Resulted in Greater Serum Alkaline Phosphatase
Activity vs. ISe

Decreased serum total alkaline phosphatase ac-
tivity has been widely reported in cattle consuming
ergot alkaloids from endophyte-infected tall fescue
(Boling et al., 1989; Rice et al., 1997; Schultze
et al., 1999; Brown et al., 2009). The consistently
suppressed serum alkaline phosphatase activity
has been regarded as a repeatable clinical measure
of fescue toxicosis (Oliver et al., 2000). The exact
mechanism of this decrease of serum total alkaline
phosphatase activity induced by fescue toxicosis
is not understood. However, in vitro studies have
shown that cyclic AMP induces de novo synthesis
of alkaline phosphatase mRNA and results in an
increased alkaline phosphatase protein produc-
tion in mouse L-cells (Firestone and Heath, 1981).
Also, cyclic AMP has been reported to induce the
TNALP mRNA expression in L929 fibroblastic
cells (Gianni et al., 1993). Due to structural simi-
larities with dopamine and other biogenic amines,
ergot alkaloids bind and stimulate dopamine type 2
receptors (Larson et al., 1994; Larson et al., 1999),
consequently inhibiting adenylyl cyclase and then
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Table 3. Partial correlation of serum clinical param-
eters with whole blood selenium concentration in
growing beef steers grazing endophyte-infected tall
fescue and supplemented with 3 mg Se/d in vitamin-
mineral mixes as sodium selenite (ISe, n = 6), SEL-
PLEX (OSe, n = 8), or an 1:1 blend of ISe and OSe
(MIX, n=28)

Partial correlation'

Item Coefficient P-value
Prolactin —0.046 0.64
Blood urea nitrogen 0.38 <0.01
Creatinine —0.443 <0.01
Blood urea nitrogen/creatinine ratio 0.527 <0.01
Glucose 0.209 0.03
Alkaline phosphatase 0.321 <0.01
Creatine kinase —-0.13 0.18
Aspartate aminotransferase —-0.136 0.16
v-Glutamyltransferase 0.026 0.79
Total protein 0.244 0.01
Albumin 0.226 0.02
Globulin 0.144 0.14
Albumin/globulin ratio —-0.015 0.88
Sodium —-0.121 0.22
Potassium —-0.213 0.03
Chloride -0.17 0.08
Calcium 0.109 0.27
Phosphorus —0.006 0.95
Magnesium 0.246 0.01

"Whole blood Se vs. serum analytes, accounting for the effect of
time.

cyclic AMP (Fitzgerald and Dinan, 2008). Other
researchers (Boling et al., 1989; Rice et al., 1998)
have speculated that ergot alkaloids could nega-
tively affect the alkaline phosphatase induction by
inhibiting cyclic AMP, thus resulting in a decrease
of total alkaline phosphatase or certain alkaline
phosphatase isoform activity in the serum.
Throughout the grazing period of the current
study, the serum alkaline phosphatase activity was
greater in OSe and MIX than ISe steers. A priori,
this finding suggests that consumption of organic
forms of Se somehow mitigated the negative effects
of ergot alkaloid binding of the dopamine type 2
receptor, thus resulting in less repression of cyclic
AMP production. However, an alternative or parallel
explanation may involve the reported differential ef-
fect of Se forms on dopamine-stimulated neuronal
signaling (Solovyev, 2015). More specifically, con-
sumption (3 and 9 ppm in drinking water) of ISe
(selenite), but not OSe, resulted in increased concen-
trations of dopamine and its metabolites in murine
striatum (Tsunoda et al., 2000). Therefore, com-
pared to ISe, it is reasonable to speculate that OSe-
supplemented steers may have had lower dopamine
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concentrations, and consequently, less activation of
dopamine-signaling cascades and less inhibition of
cyclic AMP. The inductive effect of cyclic AMP to
alkaline phosphatase mRNA and protein, and the
greater serum alkaline phosphatase activity found in
OSe and MIX than ISe steers in this study appears
consistent with the findings in brain tissue (Tsunoda
et al., 2000) and cell culture models (Firestone and
Heath, 1981; Gianni et al., 1993) discussed above.
That is, the consumption of ISe may exacerbate the
negative effect of consuming ergot alkaloids has on
cyclic AMP-mediated repression of alkaline phos-
phatase. However, to support this speculation, re-
search is needed to determine the effect of Se form
on the expression and function of key enzyme/pro-
teins involved in the dopamine-signaling cascade,
and its possible downstream regulatory effects on
prolactin and alkaline phosphatase.

Total serum alkaline phosphatase activity is com-
prised from various soluble alkaline phosphatase re-
leased from membranes of different tissues. In cattle,
serum alkaline phosphatase mostly originates from
liver and bone (Doornenbal et al., 1988), and has
been used as a serum biomarker of liver or bone-
related diseases. In mammals, including cattle, tissue
nonspecific isoenzyme of alkaline phosphatase
(TNALP) is expressed in most tissues, including
liver, bone, kidney, and placenta (Hank et al., 1993).
Therefore, to determine if Se treatments on liver may
have contributed to the greater serum alkaline phos-
phatase activity of OSe and MIX steers, the TNALP
mRNA and protein content was measured in hom-
ogenates of liver collected at slaughter. In agreement
with their study-long increased serum alkaline phos-
phatase activity, MIX steers had 147% more hep-
atic TNALP protein content than ISe steers (Table
2). In contrast to the significantly higher serum al-
kaline phosphatase activity of OSe steers, the hep-
atic TNALP protein content of OSe steers did not
differ, despite being numerically greater (78%). These
data indicate that the elevated serum alkaline phos-
phatase activity in MIX steers was at least partially
the result of an increased serum abundance of the
liver isoform of alkaline phosphatase. That hep-
atic mRNA content also did not differ, is consistent
with the understanding that hepatic TNALP is com-
monly regulated by posttranslational modifications
(Fernandez and Kidney, 2007).

MIX Form of Se Supplementation Resulted in
Greater Serum Albumin Than OSe and ISe

Serum albumin is another parameter previously
reported affected by grazing endophyte-infected
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tall fescue. A summer-long grazing study showed
that the serum albumin concentrations was lower
(P =0.05) in steers grazing high endophyte-infected
(0.52 ppm of ergovaline and ergovalinine) tall
fescue than those grazing low endophyte-infected
(0.01 ppm of ergovaline and ergovalinine) tall fescue
for 85 d (Brown et al., 2009). Interestingly, this de-
creased concentration of serum albumin was also
observed on days 37 (P =0.03) and 59 (P =0.01) of
the same steers undergoing summer-long grazing
high endophyte-infected tall fescue (Jackson et al.,
2015). It is important to note that all steers had ad
libitum access (free-choice) to a vitamin-mineral
mix that was identical in composition to the ISe
treatment in the current study. Although the exact
reason behind the serum albumin reduction is not
clear, the authors suggested that the hepatic al-
bumin synthetic capacity was reduced in steers
grazing endophyte-infected tall fescue (Brown
et al., 2009), and possibly as a consequence of re-
duced intake and malnutrition. In the current
study, this reduced serum albumin associated with
grazing endophyte-infected tall fescue was allevi-
ated in steers supplemented with the MIX form of
Se. However, in contrast to the serum concentra-
tions, the hepatic albumin protein content in MIX
steers did not differ from that of OSe and ISe steers
(Table 2). Because it is well accepted that serum al-
bumin is synthesized and secreted from hepatocytes
into blood circulation (accounting for about 13%
of the total protein produced by the liver; Peters,
1977), these data suggest that the increased serum
albumin concentration in MIX steers either was not
due to an elevated synthetic capacity of hepatic al-
bumin, or that MIX steers had an elevated albumin
synthesis capacity that was matched by an increased
albumin secretion capacity. To better understand
the physiological significance of the greater concen-
tration of serum albumin in MIX steers, research
is needed to study the metabolic fate of circulating
albumin.

Blood Urea Nitrogen, and Serum Sodium,
Phosphorus, and Magnesium Concentration Were
Affected by Form of Se

The concentration of blood urea nitrogen is a
function of synthesis from hepatic ornithine cycle
and renal removal by renal glomerular filtration. In
addition, ruminants recycle a considerable amount
of blood urea to the rumen by excretion across
forestomach epithelia and salivary gland secre-
tion (Archibeque et al., 2001). In the current study,
serum creatinine concentrations were not affected
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by the form of Se supplementation (Table 1). Thus,
it is reasonable to suggest that the renal capacity
of glomerular filtration did not differ among ISe,
OSe, and MIX steers, given that serum creatinine
is the most efficient indirect marker of glomerular
filtration rate in mammals (Kaneko et al., 2008).
Therefore, altered hepatic urea synthesis or gastro-
intestinal tract urea recycling seems more likely to
be responsible for the elevated serum blood urea
nitrogen concentration in OSe and MIX steers
than that of ISe steers. Interestingly, as reported
previously (Jia et al., 2018), the upregulation of
glutamine synthetase (critical enzyme in hepatic
ammonia fixating) in mRNA, protein content, and
enzyme activity in MIX and OSe steers strongly in-
dicates an altered hepatic nitrogen metabolism in
MIX- and OSe-treated steers. Taken together, it ap-
pears to be reasonable to relate the different blood
urea nitrogen profile to the altered hepatic nitrogen
metabolism induced by MIX and OSe form of Se.

It is important to note that the difference in
serum alkaline phosphatase activities (Fig. 1A)
and blood urea nitrogen concentrations (Fig. 1C)
among ISe, OSe, and MIX existed at the beginning
of the experiment (day 0). This preexisting differ-
ence might be explained by the inherent different Se
physiology of these 3 groups of steers raised on dif-
ferent forms of selenium in their vitamin-mineral
mixes. As described in the Materials and Methods
section, ISe, OSe, and MIX steers were randomly
selected from 3 cow-calf herds with free access to
ISe, OSe, and MIX form of Se in vitamin-mineral
mixes, respectively. Because Se was depleted for 98
d after selection, it is reasonable to suggest that
the preexisting differences in serum alkaline phos-
phatase activity and blood urea nitrogen concen-
tration possibly were caused by Se status-induced
epigenetic effects. Importantly, Se status has been
shown to affect hepatic DNA methylation in the
liver of mice (Speckmann et al., 2017). Moreover,
our lab has shown that calf whole blood Se con-
centrations were correlated to, and affected by, the
dam’s sources of Se (Patterson et al., 2013), wherein
the whole blood Se concentrations in OSe and MIX
calves were higher than for ISe calves. Therefore,
it is reasonable to speculate in the current study
that a different Se status existed in Se form-specific
steers from after birth to weaning (selection), which
may have resulted in epigenetic changes that funda-
mentally affected the metabolism of alkaline phos-
phatase and blood urea nitrogen.

The literature is limited with regard to the poten-
tial interaction of Se supplementation with sodium,
phosphorus, and magnesium metabolism. When
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supplemented with the ISe form of Se, steers grazing
high endophyte-infected tall fescue (0.52 ppm total
ergot alkaloids: ergovaline plus ergovalinine) had
decreased serum sodium concentration on day 36
than that grazing low endophyte-infected tall fescue
(Jackson et al., 2015). It was speculated that the re-
duction of serum prolactin might be responsible for
this because prolactin promotes the retention of Na*
and K* by the kidney (Richardson, 1973) and the
absorption of Na*, K*, and Ca?* by intestinal epi-
thelia (Mainoya, 1975). In the current study, across
periods, MIX steers had higher serum sodium con-
centration than ISe steers (Fig. 2A). Interestingly,
the serum prolactin concentration in current study
was higher in MIX steers than ISe steers (Jia et al.,
2018). Given the various biological effects of pro-
lactin on water and electrolyte balance (Bole-Feysot
etal., 1998), the higher serum sodium concentration
in MIX steers in the current study could be due to the
high serum prolactin concentrations. However, con-
centrations of serum potassium and calcium were
not affected (Table 1) by Se form treatment in this
study. Nevertheless, and regardless of their physio-
logical consequences, across periods, the average
concentration of serum sodium, phosphorus, and
magnesium in ISe, OSe, and MIX steers (Fig. 2)
was all within reference range, as serum sodium
132 to 152 mmol/L, serum phosphorus 3.5 to 8§ mg/
dL, and magnesium 1.7 to 2.9 mg/dL (University
of Kentucky Veterinary Diagnostic Lab, http://vdl.
uky.edu/).

Whole Blood Se Concentration Is Correlated
With Alkaline Phosphatase Activity, and
Albumin, Blood Urea Nitrogen, and Magnesium
Concentrations

Whole blood Se concentration is one of the
parameters commonly determined to indicate Se
status, and is well correlated with Se intake in cattle
(Patterson et al., 2013). Again as reported (Jia et al.,
2018), whole blood Se concentrations were affected
by the form of Se supplementation, with OSe and
MIX steer concentrations being higher than that of
ISe steers. Therefore, the second goal of this study
was to evaluate the potential relationships between
whole blood Se and serum analytes (Table 3). Due
to the significant time effect observed in all serum
parameters, the partial correlation was used to
account for the time effect. The significant positive
correlation between whole blood Se and the serum
blood urea nitrogen:creatinine ratio can be mathem-
atically explained by the finding that whole blood Se
was positively and negatively correlated with blood
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urea nitrogen and serum creatinine, respectively.
Although the concentrations of serum creatinine and
potassium did not differ among Se treatments, sig-
nificant negative correlations were observed between
whole blood Se and serum creatinine and potassium
concentrations. The reason and physiological con-
sequences of these negative correlations need to be
determined. Nevertheless, significant positive correl-
ations between whole blood Se and serum albumin,
alkaline phosphatase activity, magnesium, and blood
urea nitrogen, were found, which seems to suggest that
the changes of these parameters were associated with
the alterations of whole blood Se. In contrast, serum
prolactin, sodium, and phosphorus concentrations
were affected by the form of supplemental Se, but not
correlated with whole blood Se concentration. This
inconsistency may be reasonable given the various
biological roles of Se and given that selenoproteins
perform many of these roles (Labunskyy et al., 2014).

In summary, predominantly Angus steers
subjected to summer-long grazing of endophyte-
infected pasture and supplemented (3 mg/d) with
MIX or OSe forms of Se had higher whole blood
Se, serum albumin, and blood urea nitrogen con-
centrations, and greater serum alkaline phos-
phatase activity than ISe-supplemented steers.
Moreover, these analytes were positively correlated
with whole blood Se concentration, which is one of
the indicators of whole body Se status. These find-
ings indicate the inclusion of organic forms of Se in
vitamin-mineral mixes of steers grazing endophyte-
infected tall fescue forages increase the concentra-
tion of 2 of known serological biomarkers of fescue
toxicosis, that are depressed in cattle suffering from
fescue toxicosis. When combined with the under-
standing that organic forms of Se also elevate de-
pressed serum prolactin concentrations in the same
steers (Jia et al., 2018), results of this study indicate
that inclusion of 3 mg Se/d in MIX or OSe forms
of Se in vitamin-mineral mixes ameliorates the de-
pression of 3 known biomarkers of fescue toxicosis.

SUPPLEMENTARY DATA

Supplementary data are available at Journal of
Animal Science online.
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