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Selenium Poisoning in the Chick Embryos
Zatrucia selenem u kurzych embrionow

OTpaBlicHHE CEICHOM Y 3MOPHHOB KypHIl

Selenium is an element found at different concentrations in soils, air and
water. It is of particular interest because selenium is both toxic at high levels and
essential at lower levels to organisms. The toxicity of selenium has been known
since 1930, when studies of disorders observed among cattle and horses in USA,
revealed that they were associated with ingestion of wheat or forages containing
selenium (5). The pathology in acute toxicity is widespread necrosis and
hemorrhage. The death is probably due to hypoxia secondary to these lesions in
lungs. Manifestations of chronic toxicity are often species dependent and related
to the form and amount of selenium ingested. In almost all species the liver is
affected and cirrhosis develops. Cardiomyopathy is frequently found, loss of hair
and sloughing of hoofs occur (1, 5, 9).

Teratogenic effect of selenium has been known in chickens. It has been
recently reported that a higher number of abortions than expected were
observed in group of laboratory animals which had been given selenite (3, 4).

As has been shown by Thompson and Scott selenium is known to be an
essential element for the growth and development of chickens. Selenium
deficiency was also shown to decrease both the hatchability of fertile eggs and
viability of newly hatched Japanese quails. There is ample evidence suggesting
a minimal dietary level of selenium for optimum growth and development in
chickens. However, very little information is available detailing the level of
selenium necessary for maximum fertility and hatchability in breeder hens (10).

It was found that injection of sodium selenite increased embryolethality and
produced malformations in the survivors on the 2™ and 3" day of incubation.
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MATERIAL AND METHODS

Fertile chicken eggs were incubated at 38°C. Sodium selenite was dissolved in a buffer
physiological saline and injected by aseptic technique into the yolk sacs at doses of 0.002 and 0.005 mg
Na,SeO, per egg. The injections were made on the 2", 3, 8" and 11" day of incubation.
Control eggs were injected with equivalent volume of phosphate buffer. All eggs were injected only
once. The living and dead embryos were removed from eggs and examined for the presence of
malformations. Sections from the liver and heart were stained with hematoxylin and eosin for
histological examinations. Sections from the heart were used for electron microscopical examinations.

RESULTS AND DISCUSSION

A distinct embriolethal effect of sodium selenite was observed in all groups
tested. The toxicity of selenium was the highest when it was injected in eggs on
the 2 day of incubation. However, for embryos injected with selenium on' the
8" and 11" day the mortality was significantly lower than for those injected
on the 2™ and 3™ day of incubation. The mortality rate after injection of
0.005 mg Na,SeO, on the 2™ day was 60%, on the 3 day — 40%, on the
8" and 11" day — 10%.

Malformations in selenium treated embryos were manifested by micro-
phthalmia (Fig. 1), the absence of an eye (Fig. 2), abnormal development of
legs and feet (Figs. 1, 3, 4) and everted internal organs (Fig. 4).

The pathological changes observed in the internal organs were: congestion
and parenchymatous degeneration in the liver and heart (Figs. 5, 6) and focus
necrosis in the myocardium (Fig. 7). Enlarged cysterns of sarcoplasmatic
reticulum were noticed in the myocardium after injection of 0.002 and 0.005 mg
Na,SeO, in comparison to control (Figs. 8, 9, 10).

Decreased body size and other teratogenic effects of sodium selenite may be
due to the disruption of metabolic processes during development. Since selenium
reacts with nucleic acids and protein synthesis, it is possible that the admini-
stration of selenium causes interference during the early stages of development.
The biochemical mechanism of selenium toxicity has not been established yet.
Recently in vitro studies have demonstrated glutathione dependent inhibition of
amino acid incorporation into ribosomes by nanomole selenotrisulfide on critical
enzyme sulfhydryl groups and formation of glutathione rendering the enzyme
inactive (2, 11, 13). Rapid appearance of selenium in DNA and RNA synthesis
and its association with tRNA will help explain the role of selenium in protein
synthesis (6, 7).

Studies on rat liver showed that selenite did not block amino acid
incorporation, provided that the supernatant used as the source of the enzymes is
free of thiols. The addition of selenite to rabbit reticulocyte lysate resulted in
inhibition of protein synthesis due to indirect inactivation of the initiation factor
2, while the elongation factor 2 was not effected. Also, in cultured cells an
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inhibition of growth, protein synthesis and other functions were reported after
administration of selenite. Since thiols are generally present in the culture
medium, it is likely that the inhibition of protein synthesis in cells is partially due
to the reaction products of selenite with these thiols. A reaction of selenite with
intracellular thiols may also stimulate the formation of toxic products (8, 12).

The results of the present studies indicate that sodium selenite has embryo-
lethal and teratogenic effect and causes pathological changes in the internal
organs of chick embryos and chickens.
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STRESZCZENIE

Badano dzialanie selenu na embriony kurze. Selenin sodu wprowadzano do zalgzonych jaj
kurzych w ilosciach 0,002 i 0,005 mg/jajo. Iniekcji dokonywano do pecherzykow zoltkowych
w 2, 3, 8 i 1l dniu inkubacji. Takie same ilosci buforu fosforanowego wprowadzano do jaj
kontrolnych. Obserwowano wplyw selenu na smiertelnos¢ embrionow oraz wystapienie zmian
mikroskopowych w watrobie i sercu. Zanotowano nastgpujace zmiany: zmniejszenie ci¢zaru ciala,
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niedorozwoj konczyn, maloocze lub brak oka, wylewy krwi, zwyrodnienie migzszowe watroby i serca
oraz ogniska martwicy w migsniu sercowym.

PE3IOME

Hccnenosanock BIMAHHE CeneHa Ha KypHHble 3MOpHOHm. CeneHHH HaTpus Obln BBeaeH
B 3aBsi3aHHwe XypuHbie fiua B go3zax 0,002 u 0,005 mr/siiuo. Musekuus Gbina nposeneHa
B XENTO4YHblEe Meliku Ha 2, 3, 8 U 11 nmenp umHkyGauuu. Takas xe mo3a cochopHoro 6ydepa
Obula BBedeHa B KOHTpPOJIbHblE sfiiua. Mccnemosasioch BAHAHWE celleHa HAa CMEPTEIbHOCTH
3MOPHOHOB, a TakKxke MOSIBJIEHHE MHKPOCKOMHYECKHX MEPEMEH B MeYeHH M cepaue. Bbuth oTMme-
YeHbl CJEAYIOLUHE M3MEHEHHS: YMEHbllUEHHE Beca Tesla, HapylIEHHE Pa3BHTHS KOHEYHOCTEH,
MHKpO(dTanbM HJIH OTCYTCTBHE [Jla3a, MacCHMBHAsA THNEPEMHS, NMApEHTHMATO3HOE TNEPEPOX-
JleHHe TIEYEHH M Cepala, a Taxxke (GOKYChl HEKpPO3a B CEpACYHOH MBILLILE.
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Fig. 1. A 16-day-old embryo. Microphthalmia and underdevelopment of legs
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Fig. 2. A 1-day-old chicken. Absence of the left eye
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Fig. 3. A 19-day-old embryo. Underdevelopment of legs
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Fig. 4. A 20-day-old embryo. Underdevelopment of legs and of abdomen cover
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Fig. 5. Liver. Congestion and parenchymatous degenaration. Stain H + E. Magn. 240 x
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Fig. 6. Heart. Congestion and edema of pericardium. Stain H + E. Magn. 240 x
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Fig. 7. Cardiac muscle. A necrotic focus. Stain H + E. Magn. 240 x
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Fig. 8. Cardiac muscle cell. Control chicken. Sarcoplasmatic reticulum with small cysterns.
Magn. 40000 x
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Fig. 9. A cardiac muscle cell after injection of 0.002 mg Na,SeO,. Enlarged cysterns of sarco-
plasmatic reticulum. Magn. 40000 x
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Fig. 10. A cardiac muscle cell after injection of 0.005 mg Na,SeO,. Enlarged cysterns of sarco-
plasmatic reticulum. Magn. 40000 x
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