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ABSTRACT.

Selenium fed to open cycling ewes in the form of sodium selenate or Astragalus bisulcatus (a se-

lenium accumulator plant) at 24 or 29 ppm selenium, respectively, in alfalfa hay pellets did not alter the

estrous cycle length,
turition (P>0.05).
nium levels were 0.45,
er, ewe condition and appearance remained good.

estrus behavior, progesterone or estrogen profiles, pregnancy rate or outcome of par-
There was wool loss in some ewes fed seleniferous peilets and the mean whole biood sele--
.3 and 2.4 ppm, respectively, for controtl,

A bisulcatus and sodium seienate; howev~

All lambs appeared normal and the number of lambs born and

the individual and total lamb weight averages were not significantly (P>0.05) different between treatment

groups and control group.

Selenium has been recognized as a natural
toxXicant since the early 1930s when seleni-
ferous forage was implicated in disease pro-
cesses widespread in North America. Toxic
‘or potentially toxic forbs and grasses grow
on seleniferous soils on many ranges in vast
areas of the world.

In the late 1950s, trace amounts of seleni-
um were shown. to have important nutritional
and metabolic functions in many animal spe-
cies (1). In 1960, Drake et al (2) reported
that oral administration of small quantities
of "selenium either as selenite or selenate
prevented "white muscle disease" in sheep and
improved the growth rate of weaned lambs. As
selenium deficiencies have been an important
concern for livestock producers, so have se-

lenium excesses in some reglons of the coun-
try.

Selenium excesses are involved in numerous
disease processes, including ' reproductive
disorders. Olson (3) suggested that the ef-
fect of excess dietary selenium on reproduc-
tion had a greater economic impact on animal
agriculture thamn overt selenium toxicity.
This influence is supported by reports in
rats (4-6), chickens (7), mice (8), pigs (9)
and cattle (10,11) where excessive but not
clinically toxic levels of selenium impaired
reproduction. It has been reported that re-

productive failure in sheep and cattle occurs._..

if selenium is. ingested in excess of 10 ppm
(5,11). Glenn et al. (12) reported no apparent
effect on reproductive performance in ewes
fed high doses of sodium selenate. However,
Dinkel et al. (11) reported a dramatic de-
crease. in reproductive efficiency in cattle
grazing grasses high in selenium., . It. was
determined that stage of plant growth:  and
development was_an. important factor in the
severity of reproductlve 1mpa1rment-‘ﬁ-.ﬁ
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Studles descr1b1ng the ,effects of hlgh-
level exposure of. dams during. pregnancm to
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reviewed by Combs and
They documented embryonic and
fetal selenium-induced death in chickens,
mice, pigs and rats, as well as reduced
growth rates in chicks, mice and pigs.,, Mal-

selenium have - been
Combs (13).

" formations and poor hatchability have also

been described in chickens (13), and eye ex-
tremity and reproductive organ defects were
observed in sheep from field cases grazing
seleniferous pastures in Wyoming (5).

We conducted this study to determine if
selenium, in the form of sodium selenate or
the plant form (Astragalus bisulcatus), fed
free choice in a hay pellet would adversely
affect reproductive performance in ewes. We
observed estrous cycle length, estrus behav-
ior, and progesterone and estrogen profiles
throughout the estrous cycle and the subse-
quent effects of selenium on pregnancy rate,
lambing rate and birth weight. We observed
lambs for any abnormal behav1or and develop-
mental anomalies.-
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MATERIALS AND METHODS»_

Fifteen yearling Suffolk-Columbia-Targhee
crossbred ewes which were non-pregnant and
cycling, and weighing between 50 and 80 kg,
were divided into 3 groups of 5 ewes/group.
Ewes were weighed and assigned to groups to
balance the groups by weight. Group 1 aver-

. aged 67%10 kg/ewe and received alfalfa pel-

lets containing selenium as sodium selenate.
The . amount of sodium selenate added to. the
alfalfa for pelleting was calculated.to equal
25 ppm selenium; the actual amount on analy-
sis was 24 ppm selenium.. Group 2 averaged
66+9 kg/ewe and received alfalfa pellets. con-
taining . selenium in the form of Astragalus
bisulcatus.- .The amount of A bisulcatus added
to the. alfalfa. for pelleting was. .calculated
to prov1de 25 ppm selenium. based. on.300. ppm
selenium_in, the A bisulcatus; the actual a-.
mount.in the pellet upon analysis was. 29 ppm
selenlum Group 3 averaged 6610 kg/ewe and




received alfalfa pellets only (0.8 ppm sele-

nium). Se;enlum levels were measured by a
fluorometric method (14). Consumption of
pellets was monitored and control pellets

were adjusted to match the consumption level
of " the treatment group which consumed the
least amount of feed, thus keeping energy in-
take equal among all groups. ' '

The A bisulcatus was collected in the Shir-
ley Basin near Medicine Bow, Wyoming, in
1985. The plant material was air dried,
chopped, bagged and stored at 20 C until
used. Prior to including this plant prepara-
tion in pellets, a total selenium analysis
by fluorometry (14) indicated 300 ppm seleni-
um on a dry weight basis in the A bisulcatus.

All ewes in each group received their pel-
leted treatment. feed for 34 to 45 d (mean
41 d) before planned exposure to a vasectom-
ized ram.” At this time observed estrus was
recorded and subsequent estrous cycle length
measured. Treatment Zfeeds were continued
through this estrous cycle of 18-20 d. At the
subsequent estrus all ewes were bred to 2
fertile suffolk rams. The rams were rotated
through each pen of ewes twice daily until
all ewes were bred. Each ewe was hand-mated
to both rams initially and on subsequent days
until she was out of estrus (usuaily 1 d af-
ter 1initial mating). Treatment feeds were
continued for 17 to 28 d (mean 22d) after
breeding to the fertile rams.
fed treatment feeds for a total of 88 d.

Blood samples were drawn daily via the jug-
ular vein from each ewe beginning the first
observed day of estrus (day 0), as detected
by mating to the sterile ram. This was con-
tinued through 1 d after the second observed
estrus (average of 18 d). Serum progesterone
and 178-estradiol levels were determined by
radioimmunoassay using a no-extraction, solid
phase I-125 radioimmunoassay kit (Diagnostic
Products Corporation, 35700 West 96th Street,
Los Angeles, CA 90045). Coat-A-Count proges-
terone and l78-estradiol are highly specific
with low cross reactivity to other steroids.
Specific cross reactivities are 1listed in
the procedure manual (Diagnostic Products
Corporation). Inter- and intra-assay coef-
ficients of variation were 7.85%, 4.7%, 7.53%
and 6.7% for estradiol and progesterone, re-
spectively. Kits were  validated at 20, 50,
150, 500, 1800 and 3600 pg/ml for estradiol
and 0.5, 2.5, 5, 10, 20 and 40 ng/ml for pro-
gesterone. : .

Progesterone and estrogen profiles, number
of. lambs born and lamb birth weights were
analyzed by analysis of variance procedures.
Whole blood and dietary selenium was deter-
mined fluorometrically (14).
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_ RESULTS AND DISCUSSION

There was no significant difference in pro-
gesterone or l78-estradiol profiles (P>0.05)
between treatment groups and controls (Fig
1)... There was no difference in estrous cycle
length or. estrus behavior. Some ewes fed
seleniferous diets had minor wool 1loss on
the neck and sides by the 10th w. Feed intake
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The ewes were

ng/mi Progesterone

Day of estrous

Figure 1. Serum progesterone profiles through the
estrous cycle of ewes fed alfalfa pellets containing
0.8 ppm selenium (controt), 24 ppm selenium (sodium
selenate) or 29 ppm selenium (A bisulcatus).

remained relatively good in all ewes; however,
rate of consumption between groups was not
compared because all ewes were fed the same
amount of pellets as limited by the group
consuming the least. Obviously, the control
ewes would have eaten more pellets if given
free choice. All ewe weights remained con-
stant throughout the selenium feeding period.
Blood selenium levels were highest in the
group fed sodium selenate pellets (2.4 ppm)
followed by the group fed A bisulcatus pel-
lets (1.3 ppm) and controls (0.45 ppm). At
lambing there was no reduction in proportion
of ewes lambing (Table 1). All lambs appeared
normal at birth, and there were no differenc-
es in  average 1individual or total 1lamb
weights between groups (P>0.05). In Group 1,
1 lamb from a ewe with triplets died at birth
and 1 twin lamb died 3 d after. parturition.
The cause of death in the first lamb was suf-
focation from placental membranes over the
muzzle, but the cause of death. of the second
lamb was undetermined.

Excessive levels of selenium have been re-
ported to adversely affect reproduction in
many livestock species; however, in sheep the
signs of excessive selenium ingestion in our
report appear to be different (5,12). Rosen-
feld and Beath (5) reported field observa-
tions in which 250 malformed lambs were born
to a group of 2100 ewes grazing on selenifer-
ous range. The malformations involved the
eyes, extremities. and reproductive organs.

TABLE 1. LAMBING RESULTS FROM EWES FED SELENIFEROUS FEED .

- borm or average lasb weights (P> 0.05). -;'_ ) A‘..' .

Number of ewes Ewes lambed / Lambs born Lamb wt 1bs-

and trezigent . owes bred
H ‘A' bisulcatus . 5/5. ;. . 9_“ R ‘T;;.
S- selenate : - 3/8 - B PR s
S control ~ 3/5 R

No significant difference betwesn groups for ewes lambing/ewes bred, lambs
- Cee T SRR o .
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Selenium was implicated as the cause, but our
study suggests another factor might be in-
volved. :

Selenium excess in animals adversely af-
fects reproductive- performance. However,
sheep appear to be somewhat resistant to this
effect. Sheep did not show the typical clin-
ical signs seen in other animals and appear

more adapted to ranges. with seleniferous
soils. '

In sows fed sodium selenite . for several
months, a reduction in conception rate, birth
welghts, percentage of 1live pigs at birth
and weaning weights were observed (9). Sele-
nium toxicity not only affected reproduction
in swine, but also caused a multitude of
pathological conditions that affect growth
performance. Severe weight loss, hoof lesions
and poliomalacia of the spinal cord and brain
stem occur, resulting in paralysis and death
(15). In sheep, however, clinical signs did
not appear until the terminal stages and in
some cases death occurred without any other
signs of toxicity. In those cases where clin-
ical signs were observed, the disease was
manifest by anorexia, weakness, apathy, res-
piratory distress, cyvanosis and nasal exuda-
tion a few hours to 4-5 d before death (12).

In cattle, the 1literature suggests that
levels of 5-25 ppm selenium in forage dramat-
ically reduced reproductive performance (11).
In the past, selenium intake of range cattle
in many of the South Dakota management sys-
tems was at highest level during the breeding
season (early June to mid-July), which corre-
sponds - to the preheading to maturity stages
of range grasses (16). By breeding earlier

(May), the number of calves born and weaned
over a 5-y period increased by 22.3% and
19.6%, respectively (11). Many ranchers in

some of these areas have converted from a
cow-calf operation to a steer operation be-
cause o0f the - low reproductive performance
of cows on such range. -

There is a need to further investigate se-
lenium toxicity in grazing livestock and to

determine the mechanism of action of selenium
on reproductive performance. Sheep and cattle
are different in the way excess selenium aif-
fects their reproduction. Understanding this
difference 1is important in elucidating the
cause-and-effect relationship between seleni-
um and 1livestock reproductive performance.
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