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Samenvatting

Op verzoek van de Minister van Sociale Zaken en Werkgelegenheid beoordedlt de
Gezondheidsraad de effecten op de reproductie van stoffen waaraan mensen tijdens de
beroepsuitoefening kunnen worden blootgesteld. De Commissie Reproductietoxische
stoffen, een commissie van de Raad, adviseert een classificatie voor reproductietoxische
stoffen volgens Richtlijn 93/21/EEC van de Europese Unie. In het voorliggende rapport
heeft de commissie seleen en seleenverbindingen onder de loep genomen.

De aanbevelingen van de commissie zijn:

= Voor effecten op de fertiliteit meent de commissie dat er onvoldoende gegevens
beschikbaar zijn. Zij adviseert daarom seleen en seleenverbindingen niet te
classificeren.

*  Voor ontwikkelingsstoornissen, meent de commissie dat er voldoende gegevens zijn
die laten zien dat deze verbindingen de ontwikkeling van het nagedacht niet schaden.
Zij adviseert om seleen en seleenverbindingen niet te classificeren.

= Voor effecten tijdens de lactatie, adviseert de commissie om seleen en
seleenverbindingen met R64 (kan schadelijk zijn via de borstvoeding) te kenmerken.

Samenvatting
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Executive summary

On request of the Minister of Socia Affairs and Employment, the Health Council of the
Netherlands evaluates the effects on the reproduction of substances at the workplace.
The Health Council’s Committee for Compounds Toxic to Reproduction recommends a
classification for compounds toxic to reproduction according to the Directive 93/21/EEC
of the European Union. In the present report the committee has reviewed selenium and
its compounds.

The committee’ s recommendations are:

= For effects on fertility, the committee recommends no classification of selenium and
its compounds due to a lack of appropriate data.

»  For developmental toxicity, the committee is of the opinion that sufficient data show
that no classification of selenium and its compounds is indicated.

»  For effects during lactation, the committee recommends that selenium and its
compound should be labelled with R64 (may cause harm to breastfed babies).
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Chapter 1

Scope

1.1 Background

As aresult of the Dutch regulation on registration of compounds toxic to reproduction
that came into force on 1 April 1995, the Minister of Social Affairs and Employment
requested the Health Council of the Netherlands to classify compounds toxic to
reproduction. The classification is performed by the Health Council’s Committee for
Compounds Toxic to Reproduction according to the guidelines of the European Union
(Directive 93/21/EEC). The committee' s advice on the classification will be applied by
the Ministry of Socia Affairs and Employment to extend the existing list of compounds
classified as toxic to reproduction (class 1 and 2) of the European Union.

1.2 Committee and procedure

The present document contains the classification of selenium and its compounds by the
Health Council’s Committee for Compounds Toxic to Reproduction. The members of
the committee are listed in Annex A. Thefirst draft of this report was prepared by Mrs
AE Smits-van Prooije and Mrs ir DH Waakens-Berendsen at the Department of
Neurotoxicology and Reproduction Toxicology of the TNO Nutrition and Food
Research Indtitute, Zeist, The Netherlands, by contract with the Ministry of Social
Affairs and Employment. The classification is based on the evaluation of published
human and animal studies concerning adverse effects with respect to fertility,
development and lactation of the above mentioned compound.
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Classification and labelling was performed according to the guidelines of the European
Union listed in Annex C.

Classification for fertility and development:
Category 1 Substances known to impair fertility in humans (R60)
Substances known to cause developmental toxicity in humans (R61)
Category 2 Substances which should be regarded as if they impair fertility in humans (R60)

Substances which should be regarded as if they cause developmental toxicity in humans
(R61)

Category 3 Substances which cause concern for human fertility (R62)

Substances which cause concern for humans owing to possible developmental toxic ef-
fects (R63)

No classification for effects on fertility or development

Labelling for lactation:
May cause harm to breastfed babies (R64)
No labelling for lactation

In April 1999, the President of the Health Council released a draft of the report for
public review. The individuals and organisations that commented on the draft report are
listed in Annex B. The committee has taken these comments into account in deciding on
the final version of the report.

1.3

Additional considerations

The classification of compounds toxic to reproduction on the basis of the Directive
93/21/EEC is ultimately dependent on an integrated assessment of the nature of all
parental and devel opmentd effects observed, their specificity and adversity, and the
dosages at which the various effects occur. The directive necessarily leaves room for
interpretation, dependent on the specific data set under consideration. In the process of
using the directive, the committee has agreed upon a number of additional
considerations.
= |f, after prenatal exposure, small reversible changesin foetal growth and in skeletal
development (e.g. wavy ribs, short rib X111, incomplete ossification) in offspring
occur in a higher incidence than in the control group in the absence of materna
effects, the substance will be classified in category 3 for developmental toxicity. If
these effects occur in the presence of maternal toxicity, they will be considered asa
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conseguence of this and therefore the substance will not be classified for
developmental toxicity (see Annex C, 4.2.3.3 developmental toxicity final
paragraph).

»  Clear adverse reproductive effects will not be disregarded on the basis of
reversibility per se.

= |f thereis sufficient evidence to establish a causal relationship between human
exposure to the substance and impaired fertility or subsequent developmental toxic

effectsin the progeny, the compound will be classified in category 1, irrespective the

general toxic effects (see Annex C, 4.2.3.1 category 1).

= Effectson sex organsin ageneral toxicity study (e.g. in asubchronic or chronic
toxicity study) may warrant classification for fertility.

» Adverse effectsin a reproductive or developmental study, in the absence of dataon
parental toxicity, occurring at dose levels which cause severe toxicity in other
studies, need not necessarily lead to a category 2 classification.

= The committee not only uses guideline studies (studies performed according to
OECD standard protocols*) for the classification of compounds, but non-guideline
studies are taken into consideration as well.

1.4

Data

Literature searches were conducted in the on-line databases Toxline and Medling,

starting from 1966 up 1995. Literature was selected primarily on the basis of the text of

the abstracts. Publications cited in the selected articles, but not selected during the
primary search, were reviewed if considered appropriate. In addition, handbooks and a
collection of most recent reviews were consulted. References are divided in literature
cited and literature consulted but not cited. Before finalising the public draft the
committee performed an additiona literature search in Medline and Toxline for the
period 1995 to 1998. The results of this search were no reason for the committee to
adjust the recommendations.

The committee chose to describe human studies in the text, starting with review
articles. Of each study the quality of the study design (performed according to
internationally acknowledged guidelines) and the quality of documentation are
considered.

Animal data are described in the text and summarised in Annex D.

Organisation for Economic Cooperation and Development
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1.5

Presentation of conclusions

The classification is given with key effects, species and references specified. In case a

substance is not classified as toxic to reproduction, one of two reasonsis given:

= Lack of appropriate data preclude assessment of the compound for reproductive
toxicity.

»  Sufficient data show that no classification for toxic to reproduction is indicated.

1.6

Final remark

The classification of compounds is based on hazard evaluation* only, which is one of a
series of elements guiding the risk evaluation process. The committee emphasizes that
for derivation of health based occupationa exposure limits these classifications should
be placed in awider context. For a comprehensive risk evaluation, hazard evauation
should be combined with dose-response assessment, human risk characterization, human
exposure assessment and recommendations of other organisations.

for definitions see Tox95
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Chapter

2

Selenium and its coumpounds
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Introduction

Name . Selenium
Chemical formula : Se
Atomic weight 1 78.96

Use : asdecolourizer in glass and ceramics industry, for rectifiers, photocells, so-
lar batteries, television cameras, xerography in the electronics industry, as
additive to medicated shampoos and dietary supplement

Selenium is an essential trace element. It has an important metabolic role as a co-factor
of the enzyme glutathione peroxidase which is, together with vitamin E, catalase and
superoxide dismutase, a component of one of the antioxidant defence systemsin the
body. Limited data are available on the effects of a selenium deficiency in humans. A
deficiency might result in Keshan disease, a selenium responsive endemic
cardiomyopathy that mainly affects children and women of child-bearing age (Y an88).

In 1989, the Netherlands Food and Nutrition Council recommended a dietary
selenium intake of 50-150 ny per day for male and female adults (V 0e39).

17
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2.2

Human studies
Fertility

Bleau et al. studied semen samples of 125 men of couples consulting for infertility.
Relevant information of 101 couples about their reproductive performance was collected
in afollow-up study 4.5-5 years after the initial study. In men, a positive correlation was
observed between sperm count and semen Se concentration. Sperm motility was
maximal at semen Se levels between 50 and 69 ng/ml; below and above this range the
motility was lower and the incidence of asthenozoospermiawas higher. Low semen Se
levels were associated with alow pregnancy rate. A high semen Se level was associated
with a high abortion rate and female reproductive failures (both partners are usually
exposed to the same diet and environment). Exposure data to Se was not reported
(Bles4).

Takasaki et al. studied semen samples of 32 healthy fertile and 73 infertile males.
The following conclusions could be drawn from this study: 1. Se concentrations in whole
semen and seminal plasma were not significantly different between the fertile group and
the infertile group; 2. Sperm Se concentrations were significantly higher in the infertile
group; 3. A negative correlation was observed between sperm Se levels and sperm
motility; 4. The results suggests that an increased Se level in sperm was related to male
infertility, especialy with regard to deterioration of sperm motility and spermatogenesis
(Tak87).

Roy et al. measured the Se concentration in seminal plasma of 211 healthy men
attending a male fertility clinic and observed no significant correlation between the Se
levelsin the seminal plasmaand sperm count or motility (Roy90).

From the studies of Bleau (1984), Takasaki (1987) and Roy (1990) no clear
correlation between seminal Se concentration and effects on male fertility could be
detected (Ble84; Tak87; Roy90). In the study of Takasaki (1987), a negative correlation
between male fertility and sperm Se concentration was observed. The exposureto Se
was not determined in these studies; The committee is of the opinion that the changesin
Se concentrations (in semen or semina plasma) might be a result of endogenous factors
(metabolism/kinetics) and not aresult of exposure to selenium. Therefore, the results of
these studies were therefore considered insufficient evidence for classification of
selenium for fertility.

18
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Developmental toxicity

A five-year study with 8 women occupationally involved with selenium reported 5
pregnancies ending in abortion and one that resulted in a full-term baby with bilateral
club-foot. Comparison between urinary selenium levels of the exposed group and a
non-exposed group did not show a correlation between selenium levels and the abortions
(Rob70).

An epidemiological study was performed in ahighly seleniferous areaiin rura
China. Loss of hair and nails, lesions of skin and abnormalities of the nervous system
were found; blood selenium levels averaged 3.2 pg/ml (range 1.3-7.5 pg/ml), compared
with ablood level of 0.095 pg/ml in anormal selenium area: the breast-fed children in
this affected area remained unaffected (Y an83).

A study on the effects during pregnancy of among others selenium in drinking water
covered aone-year period in 1980-1981 and included 270 children with a severe
congenital heart disease and 665 controls. The detection limit of selenium was 0.1 pg/l
and the highest observed level was 10 pg/l. A weak inverse relationship between
exposure to selenium and incidence of heart diseases was observed (Zie88).

Selenium in human breast milk

The primary factor determining the concentration of Se in human milk is materna Se
intake (Ala95), although Se concentration in human milk can be affected by severa
other factors such as time postpartum. Colostrum was found to contain higher Se levels
than mature milk (Ben95, Tam95, Kim98); absolute intake of Se of breast-fed children
increased with day post partum due to increased milk intake. A safe and adequate range
for Se intake was found to be 10-40 pg/day (Sub89) for infants of 0-6 months.

Mature human milk can exhibit awide variation in Se content due to geographic
location (She75, Kum83, Mos88, Yan89a and b, Bra9l, Arn93, Ben95, Brég?). In
seleniferous (high Se) areas the Se content of the local food (Y an89a) is increased; plant
food accounts for more than 90% of the dietary intake of Se. The daily Se intake of
infants within the first year of age were 11.8, 24.3 and 94.6 pug/day in low, medium and
high-Se areas in China, respectively, as calculated from daily breast milk consumption
(Yan89d). Anincrease in the incidence of mottled enamel teeth was described with
increasein Selevel (Yan89b). In contrast to the studies of Hadjimarkos et al. 1952
(Had52) among school children in Oregon and the Montana-Oregon-South Dakota study
in high-Se areas (Lud69) who detected increased levels of caries, in the studies of Yang
et al. 1989 (Yan89b) in the Enshi county a decrease in dental caries was observed with
increasing concentrations of Se. In the Enshi county increased fluoride (F) levels of the
soil were usually associated with the increased Se levels. In the Wyoming study of Tank
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and Storvick 1960 (Tan60) the prevalence of caries among school children in areas that
were high in both Se and F was 41% greater compared with that of subjectsliving in
areas highin F but low in Se.

In astudy on the health effects of high dietary materna intake, breast milk blood
and toe-nails were collected from 143 women (20-24 day of lactation) living in the
Venezuelan states Y aracuy and Portuguesa (Bra97). The regions differed in Se content.
The Se concentration in breast milk was found to be proportional to dietary intake. A
significant inverse relation was detected between Se and zinc (Zn) in breast milk.
Anthropometric examinations of the seleniferous regions showed that the mean height of
children (2 and 7 years) differed significantly from the height in Caracas at all
socio-economic levels for both sexes and al ages (Bré9l). The reported difference in the
rate of growth might be associated with the lowered Zn concentration and the consequent
reduced biological availability of zinc. However, the authors did not exclude other
factors.

2.3

Animal studies

Tables 1, 2.1 and 2.2 summarize the fertility and developmental toxicity studies with se-
lenium in experimental animals.

Fertility

Two groups of 12 male Wistar rats were given adiet consisting of normal wheat or
wheat grown in selenium-rich soil (containing + 12.5 ppm Se) for 4 weeks. Food
consumption in the exposed group was significantly reduced. Upon sacrifice, body
weight and testis weight were significantly reduced. Histological examination reveaed
oedema of the testicular interstitial tissue, necrosis of the spermatogenic cells and
degeneration of the spermatids (Par89).

Five groups of 2-4 female monkeys (Macaca fascicularis) were daily gavaged for 30
dayswith 0, 25, 150, 300 or 600 ug L-selenomethionine/kg body weight, starting 5 days
after the onset of menstruation. After 10 days of treatment, 2 females from the 600
Mo/kg group died of toxic effects. All dose groups showed treatment-related clinical
signs such as anorexia, dermal lesions, gastrointestina distress, hypothermia. Animals of
all dose groups lost weight during treatment, but a severe increase in weight loss was
observed in the 300 g group, in combination with disturbances of the menstrual cycle,
reduced serum progesterone, luteal phase length, urinary oestrogen excretion and
increased intermenstrual intervals (Cuc89).
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Developmental toxicity

Buittner (1963) administered sodium selenite in drinking water (2.3 and 4.6 ppm Se) of
pregnant rats and their pups until postnatal day 120 (BUt63). Administration of both
levels reduced the number of pups born and also decreased the weight gain as aresult of
reduced food intake (general toxicity). Se-treated pups developed more carious lesions
than controls; the carious lesions was also more extensive.

Groups of pregnant New Zealand White rabbits were exposed by intravenous
injection to 0 or 1.75 mg/kg body weight (bw) sodium selenite on day 9 of gestation.
Two of 14 treated does died; 5 does produced a live litter. Postimplantation loss was
significantly increased. No malformations were observed (Ber77).

Groups of 23 pregnant CD-1 mice were daily gavaged with O or 10 mg sodium
selenite/lkg bw from gestation day 8-12. Significant reduction in maternal body weight
gain and number of live pups on postnatal day 1 and 3 were observed; pup weights were
normal (Che82).

Groups of 6-11 pregnant 1V CS mice were injected subcutaneously with 0, 1, 1.5,
2.1,3.2,4.6 or 6.8 mg Selkg bw (=0, 12.7, 18.6, 27.2, 40.0, 58.8 or 86.3 umol Se/kg
bw, respectively) on gestation day 12 or 16. On day 12 and day 16, all 6.8 mg/kg bw
treated femaes died; On day 12, most of the 4.6 mg/kg bw group died (the rest aborted),
and on day 16 al of the 4.6 mg/kg bw treated females died. On day 16, the 3.2 mg/kg
bw treated females died or aborted; on day 12, the 3.2 mg/kg bw treated females had a
statistically significantly reduced body weight; the number of implantation sites and live
born was statistically significantly reduced. On day 12, the 1.5 and 2.1 mg/kg bw treated
females resulted in a non-significant reduction in materna body weight, number of
implants, number of live born pups and birth weight. On day 16, part of the 2.1 mg/kg
bw treated females aborted, and the remainder delivered litters with nearly normal size
and birth weights. On day 12, trestment with 1 mg Sefkg bw resulted in a significant
increase in the number of liveborn pups and implantation sites. It was concluded that
pregnant dams are more susceptible on gestation day 16 than on day 12 and that
dose-dependent foetotoxic effects are more apparent on day 12 (Y on83).

Groups of 5-9 pregnant CD-1 mice were injected intravenoudly with 0, 1.3, 1.6, 2.0
or 2.5 mg Sefkg bw (= 0, 16.4, 20.5, 25.6 or 32.0 pmol Se/kg bw, respectively) as either
selenodiglutathione or sodium selenite on gestation day 12. All females from the high
dose selenodiglutathione and most females from the high dose sodium selenite died.
Maternal body weight gain was reduced in both trestment groups, at all dose levels.
Resorptions were not observed; tillbirths were found in 1.6 mg/kg bw and 2.0 mg/kg
bw selenodiglutathione and 2.0 m/kg bw sodium selenite groups. Numbers of
implantation sites and live born pups were similar in the treatment groups and dightly
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but not significantly reduced when compared to the controls; birth weights were reduced
in al dose groups (Yon84).

Groups of 18 pregnant Bom: NMRI mice were exposed to approximately 0, 0.2, 2.0
or 10 mg sodium selenite/lkg bw via the drinking water from gestation day 11 to 18.
About two-third of the high dose females aborted, and in the remaining litters foetal body
weight was significantly reduced. The lower dose levels did not significantly affect foetal
or placental weight. No malformations were reported (Hau87).

Groups of 22 pregnant CD-1 mice were daily gavaged with 0 or 7 mg sodium
selenitelkg bw from gestation day 7-14. The reproduction index (number females with
live litter/number pregnant females) was dightly but not significantly reduced; no other
effects on females or offspring were observed (Pla85).

Groups of 50 pregnant CD-1 mice were daily gavaged with 0, 3.5, 5.0, 7.0 or 14.0
mg sodium selenite/lkg bw from gestation day 6-13. Exposure up to 7 mg/kg bw had no
adverse effects; 14 mg/kg bw resulted in a significant increase of maternal mortality,
decrease in weight gain, areduction in viable litters, birth weight, postnatal weight gain
and pup viability. The number of pups born per viable litter was normal (Har87).

Groups of 22 pregnant Sprague-Dawley rats were daily gavaged with 0, 1.5 or 3.0
mg Se/kg bw from gestation day 7-16. Eleven females were sacrificed at gestation day
22; the others were allowed to litter and the genera health and devel opment of the
offspring were followed. In the teratology study a dose-dependent decrease in maternal
body weight and in food consumption was observed. Mean number of corpora lutea and
implantation sites was normal; the number of resorptions increased dightly but not
significantly in a dose-dependent way. Foetal weights decreased in a dose-dependent
way, statistically significant in the high dose group. The number of external and viscera
anomalies was low; skeletal anomalies showed a dose-related increase, among them
partially unossified skull bone, bipartite and partly unossified sternebrae. In asimilar
teratology study, using 7.5 and 15 mg Se/kg bw from gestation day 7 - 9/12, maternal
mortality was observed in the high dose group, and in the remaining litters anophthalmia
and exencephaly. The litters allowed to be delivered showed a dight but persistent
dose-dependent decrease in body weight, but no differences were observed in
development or behaviour (Dan88).

Groups of 4-9 pregnant Syrian hamsters were treated with doses ranging from 1.8 -
8.7 mg (23 - 220 pmol) Se/kg bw for sodium selenite, from 7.0 - 8.7 (90 - 110 pumol)
mg Se/kg bw for sodium selenate and from 5.9 - 7.9 mg (75 - 100 pmol) Se/kg bw for
L-selenomethionine either via gavage, or intravenous injection or osmotic minipump
infusion. Administration occurred at gestation day 8 or day 5-8. Additional groups
received by gavage atotal dose of either 5.9 mg (75 umol) or 7.9 mg (100 pmol) Se/kg
bw as selenomethionine, divided over gestation day 5-8. The higher doses resulted in
reduced food consumption and maternal death (for selenite and selenate). All
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dose-groups displayed inanition and marked loss of body weight. Foetal body weight and
crown-rump length were decreased in the higher dose groups. Maformations
(encephal ocele and exencephaly) were observed only at or dightly below levels that
produced maternal toxicity. |.v. injection caused effects at lower levels than ora
administration; a single dose of selenomethionine caused more effect than constant
infusion of the same dose (Fer90).

Groups of 7-9 pregnant monkeys (Macaca fascicularis) were daily gavaged with O,
25, 150 or 300 pg L-selenomethionine/kg bw from gestation day 20-50. Four to 7 per
group were sacrificed on gestation day 100, 2-3 were alowed to deliver. Dose dependent
maternal toxicity resulted in the mid and high dose groups in reduced food consumption,
emesis, significant reduction in body weight and alow incidence of pregnancy loss. High
dose foetal weights and measures were dightly but not significantly reduced. No
malformations were observed. Postnatal growth and development were normal (Tar91).

24

Overall conclusion

From the studies of Bleau (1984), Takasaki (1987) and Roy (1990) no clear correlation
between seminal Se concentration and human male fertility could be detected (Ble84,
Tak87 and Roy90). Takasaki et al (1987) observed a negative correlation between mae
fertility and sperm Se concentration. The committee is of the opinion that endogenous
factors (metabolism/kinetics) as a cause of the changed Se-levels cannot be excluded,
because Se exposure levels were not measured. These studies were therefore considered
insufficient evidence for classification of selenium for fertility.

No relationship was reported between selenium-exposed women and children with
congenital malformations (Rob70; Y an83; ZieS8).

Therefore, from the human data the committee cannot draw definite conclusions
concerning the effects on human fertility or developmental toxicity data after exposure to
selenium and its compounds.

Theimpact of exposure to Sein animal experiments depended somewhat on the age at
which administration took place, the route of administration and the biochemical form
used to administer Se. The effects found in different species tested were fairly consistent.

Exposure to Sein experimental animals is among others accompanied by loss of
weight, both in parental animals and in (foetal) offspring.

Adverse effects on fertility, among them histological lesions of testes (Par89) and
disturbances of the female cycle, were observed at levels of overt toxicity in only one
study (Cuc89). Therefore, in view of the animal data, the lack of appropriate data
preclude assessment of the compound for fertility.
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Administration of Se during pregnancy to animals at maternotoxic levels mostly
resulted in an increased incidence of resorptions, abortions or stillbirths (Ber77; Che82;
Dan88; Hau87; Har87; Yon83; Yon84). A low incidence of congenital anomalies and
malformations was reported, among them anophthalmia, exencephaly and encephalocele,
but only at levels causing overt toxicity (Dan88; Fer90). In animal teratogenicity studies
most effects were observed at levels causing overt toxicity. Exposure below these levels
hardly caused effects. In view of the animal data on developmentd toxicity, selenium is
not classified as a substance which causes concern for humans.

Dietary intake of Se during lactation affects the concentration of Se in human breast
milk. A significant inverse relation was detected between Se and Zn in breast milk
(Bré97). Zn deficiency was assumed to lead to retarded growth (GR98). In animal and
human epidemiological studies an increased Se intake was associated with dental caries
(But63; Had52; Had61; Tan60; Lud69)

Although the committee recommends not to classify and subsequently label selenium
for effects on development (developmental effects were observed at or near dosages
which cause genera toxicity), the committee proposes to label selenium with R64 (may
cause harm for breastfed babies).

Proposed classification for fertility

Lack of appropriate data preclude assessment of the compound for fertility.
Proposed classification for developmental toxicity

Sufficient data show that no classification for developmental toxicity isindicated.
Proposed labelling for effects during lactation

R64.

For the committee,
The Hague, 25 August 1999

dr ASAM van der Burght,
scientific secretary

24 Selenium and its compounds



References

Ala95
Arn93

Ben95

Ber77

Ble84

Bréol

Brag7

But63
Che82

Cucs9

Alagjos SM, Romero DC. Selenium in human lactation. Nutr.Rev. 1995; 53: 159-66.

Arnaud J, Prual A, Preziosi P, Cherouvier F, Favier A, Galan P, Hercberg S. Effects of iron supplementa-
tion during pregnancy on trace element (Cu, Se, Zn) concentrations in serum and breast milk from Nige-
rien women. Ann. Nutr. Metab. 1993; 37: 262-71.

Benemariya H, Robberecht H, Deelstra H. Copper, zinc and selenium concentrations in milk from
middle-class women in Burundi (africa) throughout the first 10 months of lactation. Science of total envi-
ronment 1995; 164: 161-74.

Berschreider F, Willer S, Hess M, Neuffer K., Fetale und maternale Schadwirkungen bei Kaninchen
nach der Applikation von Natriumselenit, Ursoselevit pro inj.® und Ursoselevit-Pramix®. Monatsschr.
Veterindr-Medezin 1977; 32: 299-304.

Bleau G, Lemarbre J, Faucher G, Roberts KD and Chapdelaine A. Semen selenium and human fertility.
Fertility and Sterility 1984; 42: 890-4.

Brétter P, Negretti de Brétter VE, Jaffe WG, Mendez Castellano H. Selenium status of children living in
seleniferous areas of Venezuela. J.Trace Elem.Electrolytes Health.Dis. 1991; 5: 269-70.

Brétter P, Negretti de Brétter VE, Recknagel S, Brunetto R. Maternal selenium status influences the con-
centration and binding patttern of zinc in human milk.Elements Med. Biol 1997; 11: 203-9.

Buttner W. Trace elements and dental caries in experimental animals. Caries Res. 1963; 3: 1-13.
Chernoff N. Kavlock RJ. An in vivo teratology screen utilizing pregnant mice. J. Toxicol. Environ. He-
ath. 1982; 10: 541-50.

Cuckierski MJ. Willhite CC, Laskey BL. Hendire BA. Book SA. Cox DN. Hendrickx AG. 30-Day oral
toxicity study of L-selenomethionine in female long-tailed macagues (Macaca fascicularis). Fund. Appl.
Toxicol. 1989; 13: 26-39.

25

References



Dan88 Danielson M. Telling AKY . Danielson Developmental toxicity of selenite. Teratological and behavioral
studiesin rats and effects on embryonic cellsin vitro. Int. J. Feto-Maternal Med. 1988; 1. 31-41.

Fer90 Ferm VH, Hanlon DP, Willhite CC, Choy WN. Book SA. Embryotoxicity and dose-response relations-
hips of selenium in hamsters. Reprod.Toxicol. 1990; 4: 183-90.

GR98 Gezondheidsraad. Commissie Risico-eval uatie van Stoffen. Zink. Rijswijk: Gezondheidsraad, 1998; pu-
blicatie nr. 1997/34.

Had52 Hadjimarkos DM, Storvick CA, Remmert LF. Selenium and dental caries. An investigation among school
children of Oregon. J. Pediat. 1952; 40: 451-5.

Har87 Hardin BD, Schuler RL, Burg JR, Booth GM, Hazelden KP, MacKenzie KM, Piccirillo VJ, Smith KN.
Evaluation of 60 chemicalsin a preliminary developmental toxicity test. Teratogen. Carcinogen. Muta-
gen. 1987; 7. 29-48.

Hau87 Hau J, Basse A, Wolstrup C. A murine model for the assessment of placental and fetal development in
teratogenicity studies. Lab. Anim. 1987; 21: 26-30.

Kim98 Kim ES, Kim JS, Cho KH, Lee KH, Tamari Y. Quantitation and slenium levelsin human milk and esti-
mated intake of taurine by breast-fed infants during early periods of lactation. Adv. Exp. Med. Bial.
1998; 442: 477-86.

Kum83 Kumpulainen J, Vuori E, Kuitunen P, M&kinen S, Kara R. Longitudinal study on the dietary seleniumin-
take of exclusively breast-fed infants and their mothersin Finland. Internat. J. Vit. Nutr. Res. 1983; 53:
420-6.

Lud69 Ludwig TG, Bibby BG. Geographic variations in the prevalence of dental caries in the United States of
America. Caries Res. 1969; 3: 32-43.

Mos38 Moser PB, Reynolds RD, Acharya S, Howard MP, Andon MB, Lewis SA. Copper, iron, zinc, and seleni-
um dietary intake and status of Nepales lactating women and their breast-fed infants. Am. J. Clin. Nutr.
1988: 47: 729-34.

Par89 Parshad RK, Sud M. Effect of selenium-rich wheat on rat spermatogenesis. Andrologia 1989; 21: 486-9.

Pla35 Plasterer MR, Bradshaw WS, Booth GM, Carter MW, Schuler RL, Hardin BD. Developmental toxicity
of nine selected compounds following prenatal exposure in the mouse: naphthalene, p-nitrophenol, sodi-
um selenite, dimethyl phthalate, ethylenethiourea, and four glycol ether derivates. J. Toxicol. Environ.
Health 1985; 15: 25-38.

Rob70 Robertson DSF. Selenium - a possible teratogen? Lancet 1970; 1: 518-9.

Roy90 Roy AC, Karunanithy R and Ratham SS. Lack of correlation of selenium level in human semen with
sperm count/motility. Arch. Androl. 1990; 25: 59-62.

She75 Shearer TR, Hadjimarkos DM. Geographic distribution of Selenium in human milk. Arch Environ. He-
ath 1975; 30: 230-3.

Sub89 Subcommittee on recommended dietary allowances. Food and Nutrion Board. National Reasearch council
10th ed. Washington DC: National Academy of Sciences, 1989: 217-34.

Tak87 Takasaki N, Tonami H, Simizu A, Ueno N, Ogita T, Okada S and Miyazaki S. Semen selenium in male
fertility. Bull. Osaka Med. School 1987; 33-1: 87-96.

26 Selenium and its compounds



Tam95

Tamari Y, Chayama K, Tsuji H. Longitudinal study on selenium content in human milk particularly du-
ring early lactation compared to that in infant formulas and cow’s milk in Japan. J. Trace elements Med.
Biol, 1995; 9: 34-9.

Tan60 Tank G, Storvick CA. Effect of naturally-occurring selenium and vanadium on dental caries. J. Dent.
Res. 1960; 39: 473.

Tar9l Tarantal AF, Willhite CC, Laskey BL, Murphy CJ, Millerm CJ, Cuckierski MJ, Book SA, Hendrickx
AG. Developmental toxicity of L-selenomethionine in Macaca fascicularis. Fund. Appl. Toxicol. 1991,
16: 147-60.

Tox95 Niesink RIM, de Vries J, Hollinger MA, eds, Toxicology, Principles and Applications, Boca Raton: CRC
Press, 1995: 385.

Voe89 Voedingsraad, Nederlandse voedingsnormen 1989, Den Haag.

Yan83 Yang GQ, Wang S, Zhou R, Sun S. Endemic selenium intoxication of humansin China. Am. J. Clin.
Nutr. 1983; 37: 872-81.

Yan88 Yang G, Selenium-related endemic diseases and the daily selenium requirement of humans. World re-
view of nutrition and diet, 1988; 55: 98-153.

Yan89a Yang G, Zbou R, Yin SGuL,Yan B eo. Studies of safe maximal daily dietary selenium intakein asele-
niferous areain China. 1. Selenium intake and tissue selenium levels of the inhabitants. J. Trace Elem.
Electrolytes Hedlth Dis. 1989; 3: 77-87.

Yan89b Yang G, Yin S, Zbou R, Gu L,Yan B eo. Studies of safe maximal daily dietary Se- intake in a selenife-
rous areain China. Part I1: relation between Se-intake and the manifestation of clinical signsand certain
biochemical aterationsin blood and urine. J. Trace Elem. Electrolytes Health Dis. 1989; 3: 123-30.

Yon83 Y onemoto J, Satoh H, Himeno S, Suzuki T. Toxic effects of sodium selenite on pregnant mice and modi-
fication of the effects by vitamin E or reduced glutathione. Teratology 1983; 28: 333-40.

Yond4 Yonemoto J, Hongo T, Suzuki T, Naganima A, Imura N. Toxic effects if selenodiglutathione on pregnant
mice. Toxicol. Lett. 1984; 21: 35-9.

Zie88 Zierler S, Theodore M, Cohen A, Rothman KJ. Chemical quality of maternal drinking water and
congenital heart disease. Int. J. Epidemiol. 1988; 17: 589-94.
Literature consulted but not referred to in the text of the report

Bow72 Bowen WH. The effects of selenium and vanadium on caries activity in Monkeys (M. Irus). J. Ir. dent.
Ass. 1972; 18: 83-9.

Dom94 Domingo JL. Meta-induced developmental toxicity in mammals: areview. J. Toxicol. Env. Health 1994;
42: 123-41.

Had73 Hadjimarkos DM. Selenium in relation to dental caries. Fd Cosmet Toxicol. 1973; 11: 1083-95.

Lac96 Lacetera N, Bernabucci U, Ronchi B, Nardone A. Effects of slenium and vitamin E administration during
late stage of pregnancy on colostrum and milk production in dairy cows, and on passive immunity and
growth of their offspring. Am. J. Vet. Res. 1996; 57: 1776-80.

Pico8 Picciano MF. Human milk: Nutritional aspects of a dynamic food. Biol Neonate 1998; 74. 84-93.

27 References



Sul93 Sullivan FM, Watkins WJ, van der Venne MTh. (eds) C.E.C. The toxicology of chemicals - series two
Reproductive Toxicity 1993; Vol |: 329-49.

Tra98 Trafikowska U, Sobkowiak, Butler JA, Whanger PD, Zachara BA. Organic and inorganic selenium sup-
plementation to lactating mother increase the blood and milk Se concentrations and Se intake by breast-
fed infants. J. Trace Elem. Med. Biol.; 12: 77-85.

WHO87 WHO, Environmental Health Criteria 58: Selenium 1987 Geneva, World Health Organization.

28 Selenium and its compounds



A The committee
B Comments on the public draft
C Guideline (93/21/EEG) of the European Community
D Fertility and Developmental toxicity studies
E Abbreviations
Annexes

29



30 Selenium and its compounds



Annex

A

The committee

BJ Blaauboer, chairman

Toxicologist, Research Institute of Toxicology, Utrecht

JN van den Anker

Professor of pediatrics and Neonatology, Erasmus University Rotterdam,
Rotterdam

AM Bongers, advisor

Ministry of Socia Affairs and Employment, The Hague

HFP Joosten

Toxicologist, NV Organon, Department of Toxicology and Drug Disposition,
Oss

D Lindhout

professor of Clinical Genetics/Teratology, Erasmus University Rotterdam,
Rotterdam

JHJ Copius Peereboom-Stegeman

Toxicologigt, Catholic University Nijmegen, Nijmegen

AH Piersma

Reproductive toxicologist, National Institute of Public Health and the
Environment, Bilthoven

A Stijkel

Toxicologist, Environmental Awareness Foundation, ‘s-Graveland

PJIM Weterings

Toxicologist, Weterings Consultancy BV, Rosmalen

31

The committee



=  ASAM van der Burght, scientific secretary
Health Council of the Netherlands, The Hague

The firgt draft of the present document was prepared by mrs A.E. Smits-van Prooije and
mrs DH Waakens-Berendsen, from the TNO Nutrition and Food Research Institute in
Zeist, by contract with the Ministry of Social Affairs and Employment.

Secretaria assistance; E Vandenbussche-Parméus.
Lay-out: Jvan Kan.

32 Selenium and its compounds



Annex B

Comments on the public draft

A draft of the present report was released for public review in April 1999. No organisa-
tions or persons commented on the draft document.

33 Comments on the public draft



Selenium and its compounds



Annex

C

Guideline (93/21/EEG) of the
European Community

4.2.3 Substances toxic to reproduction

4.2.3.1 For the purposes of classification and labelling and having regard to the present state of
knowledge, such substances are divided into 3 categories:

Category 1:

Substances known to impair fertility in humans

Thereis sufficient evidence to establish a causal relationship between human exposure to the substance

and impaired fertility.

Substances known to cause developmental toxicity in humans

Thereis sufficient evidence to establish a causal relationship between human exposure to the substance
and subsequent developmental toxic effects in the progeny.
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Category 2:

Substances which should be regarded as if they impair fertility in humans:

There is sufficient evidence to provide a strong presumption that human exposure to the substance may
result in impaired fertility on the basis of:
Clear evidence in animal studies of impaired fertility in the absence of toxic effects, or, evidence of
impaired fertility occurring at around the same dose levels as other toxic effects but which is not a
secondary non-specific consequence of the other toxic effects.
Other relevant information.

Substances which should be regarded if they cause developmental toxicity to humans:

There is sufficient evidence to provide a strong presumption that human exposure to the substance may
result in developmental toxicity, generally on the basis of:
Clear results in appropriate animal studies where effects have been observed in the absence of signs
of marked maternal toxicity, or at around the same dose levels as other toxic effects but which are
not a secondary non-specific conseguence of the other toxic effects.
Other relevant information.

Category 3:

Substances which cause concern for human fertility:

Generaly on the basis of:
Results in appropriate animal studies which provide sufficient evidence to cause a strong suspicion
of impaired fertility in the absence of toxic effects, or evidence of impaired fertility occurring at
around the same dose levels as other toxic effects, but which is not a secondary non-specific conse-
quence of the other toxic effects, but where the evidence is insufficient to place the substance in Ca-
tegory 2.
Other relevant information.

Substances which cause concern for humans owing to possible devel opmental toxic effects:

Generaly on the basis of:
Results in appropriate animal studies which provide sufficient evidence to cause a strong suspicion
of developmental toxicity in the absence of signs of marked maternal toxicity, or at around the same
dose levels as other toxic effects but which are not a secondary non-specific consegquence of the
other toxic effects, but where the evidence is insufficient to place the substance in Category 2.
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Other relevant information.

4.2.3.2 The following symbols and specific risk phrases apply:

Category 1:

For substances that impair fertility in humans:
T; R60: May impair fertility

For substances that cause developmental toxicity:
T; R61: May cause harm to the unborn child

Category 2:

For substances that should be regarded as if they impair fertility in humans:
T; R60: May impair fertility

For substances that should be regarded asif they cause developmental toxicity in humans:
T; R61: May cause harm to the unborn child.

Category 3:

For substances which cause concern for human fertility:
Xn; R62: Possible risk of impaired fertility

For substances which cause concern for humans owing to possible developmental toxic effects:
Xn; R63: Possible risk of harm to the unborn child.

4.2.3.3 Comments regarding the categorisation of substances toxic to reproduction

Reproductive toxicity includes impairment of male and female reproductive functions or capacity and the
induction of non-inheritable harmful effects on the progeny. This may be classified under two main head-
ings of 1) Effects on male or female fertility, 2) Developmental toxicity.

1 Effectson male or female fertility, includes adverse effects on libido, sexual behaviour, any aspect
of spermatogenesis or cogenesis, or on hormonal activity or physiological response which would in-
terfere with the capacity to fertilise, fertilisation itself or the development of the fertilised ovum up
to and including implantation.

2 Developmental toxicity, is taken in its widest sense to include any effect interfering with normal de-
velopment, both before and after birth. It includes effects induced or manifested prenatally as well
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as those manifested postnatally. This includes embrytoxic/fetotoxic effects such as reduced body
weight, growth and developmental retardation, organ toxicity, death, abortion, structural defects (te-
ratogenic effects), functional defects, peripostnatal defects, and impaired postnatalmental or physi-
cal development up to and including normal pubertal development.

Classification of chemicals as toxic to reproduction is intended to be used for chemicals which have an
intrinsic or specific property to produce such toxic effects. Chemicals should not be classified as toxic to
reproduction where such effects are solely produced as a non-specific secondary consequence of other
toxic effects. Chemicals of most concern are those which are toxic to reproduction at exposure levels
which do not produce other signs of toxicity.

The placing of a compound in Category 1 for effects on Fertility and/or Developmental Toxicity is done
on the basis of epidemiological data. Placing into Categories 2 or 3 is done primarily on the basis of ani-
mal data. Data from in vitro studies, or studies on avian eggs, are regarded as ‘ supportive evidence' and
would only exceptionally lead to classification in the absence of in vivo data.

In common with most other types of toxic effect, substances demonstrating reproductive toxicity will be
expected to have a threshold below which adverse effects would not be demonstrated. Even when clear
effects have been demonstrated in animal studies the relevance for humans may be doubtful because of
the doses administrated, for example, where effects have been demonstrated only at high doses, or where
marked toxicokinetic differences exist, or the route of administration isinappropriate. For these or simi-
lar reasons it may be that classification in Category 3, or even no classification, will be warranted.

Annex V of the Directive specifies alimit test in the case of substances of low toxicity. If adose level of
at least 1000 mg/kg orally produces no evidence of effects toxic to reproduction, studies at other dose le-
vels may not be considered necessary. If data are available from studies carried out with doses higher
than the above limit dose, this data must be evaluated together with other relevant data. Under normal
circumstances it is considered that effects seen only at doses in excess of the limit dose would not neces-
sarily lead to classification as Toxic to Reproduction.

Effects on fertility

For the classification of a substance into Category 2 for impaired fertility, there should normally be clear
evidence in one animal species, with supporting evidence on mechanism of action or site of action, or
chemical relationship to other known antifertility agents or other information from humans which would
lead to the conclusion that effects would be likely to be seen in humans. Where there are studiesin only
one species without other relevant supporting evidence then classification in Category 3 may be appropri-
ate.

38

Selenium and its compounds



Since impaired fertility may occur as a non-specific accompaniment to severe generalised toxicity or
where there is severe inanition, classification into Category 2 should only be made where there is eviden-
ce that there is some degree of specificity of toxicity for the reproductive system. If it was demonstrated
that impaired fertility in animal studies was due to failure to mate, then for classification into Category 2,
it would normally be necessary to have evidence on the mechanism of action in order to interpret whether
any adverse effect such as ateration in pattern of hormonal release would be likely to occur in humans.

Developmental toxicity

For classification into Category 2 there should be clear evidence of adverse effectsin well conducted stu-
diesin one or more species. Since adverse effects in pregnancy or postnatally may result as a secondary
consequence of maternal toxicity, reduced food or water intake, maternal stress, lack of maternal care,
specific dietary deficiencies, poor animal husbandry, intercurrent infections, and so on, it is important
that the effects observed should occur in well conducted studies and at dose levels which are not associa-
ted with marked maternal toxicity. The route of exposure is also important. In particular, the injection of
irritant material intraperitoneally may result in local damage to the uterus and its contents, and the re-
sults of such studies must be interpreted with caution and on their own would not normally lead to classi-
fication.

Classification into Category 3 is based on similar criteria as for Category 2 but may be used where the
experimental design has deficiencies which make the conclusions less convincing, or where the possibili-
ty that the effects may have been due to non-specific influences such as generalised toxicity cannot be ex-
cluded.

In general, classification in category 3 or no category would be assigned on an ad hoc basis where the
only effects recorded are small changes in the incidences of spontaneous defects, small changesin the
proportions of common variants such as are observed in skeletal examinations, or small differencesin
postnatal developmental assessments.

Effects during Lactation

Substances which are classified as toxic to reproduction and which aso cause concern due to their effects
on lactation should in addition be labelled with R64 (see criteriain section 3.2.8).

For the purpose of classification, toxic effects on offspring resulting only from exposure via the breast
milk, or toxic effects resulting from direct exposure of children will not be regarded as ‘ Toxic to Repro-
duction’, unless such effects result in impaired development of the offspring.
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Substances which are not classified as toxic to reproduction but which cause concern due to toxicity
when transferred to the baby during the period of lactation should be labelled with R64 (see criteriain
section 3.2.8). This R-phrase may also be appropriate for substances which affect the quantity or quality
of the milk.

R64 would normally be assigned on the basis of:

a toxicokinetic studies that would indicate the likelihood that the substance would be present in po-
tentially toxic levelsin breast milk, and/or

b onthe basis of results of one or two generation studies in animals which indicate the presence of ad-
verse effects on the offspring due to transfer in the milk, and/or

¢ onthebasis of evidence in humans indicating arisk to babies during the lactational period.

Substances which are known to accumulate in the body and which subsequently may be released into
milk during lactation may be labelled with R33 and R64.
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Annex D

Fertility and Developmental
toxicity studies

Table 1 Fertility studies with selenium.

authors species route  experimental  dose findings remarks
period

Parshad and Sud Wistar rat  diet administration: 0, £ 12.5 mg Se/kg feed 12.5 mg/kg feed: sign. reduction ~ Selevel

(1989) (males) 4w (or 0.625 mg/kg bw) food consumption, body and testis control diet

weight; testicular interstitial oede- not given
ma, spermatogenic cell necrosis,
degeneration spermatids

Cuckierski et al. Macagque (gavage administration: O, 25, 150, 300, 600 pg 600 pg: death of 2 animals

(1989) monkey 30dsarting  Selkg bw all dose groups: anorexia, dermal
from d 5 after lesions, gastrointestinal distress,
menstruation hypothermia, reduction bw (stat.

sign.in 300 pg group)

300 pg: disturbance menstrual
cycle, reduced serum progesteron,
luteal phase length, oestrogen ex-
cretion; increase intermenstrua in-
terval

d = day; stat.sign. = statistically significant; w = week
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Table 2.1 Developmental toxicity studies with selenium .

authors species route experimental dose findings remarks
period
Buttner Wistar rats ~ drinking gestationand 0, 5and 10 5 and 10 ppm increased mean number  decreased
(1962) (female) water lactation period ppm sodium se- and extend of carious lesions fertility and
and offspring  lenite weight gain
for 120 days
Berschneider New Zealand i.v. administration: 0, 1.75mg so- 1.75 mg: 14% maternal death; 7.2%
etal. (1977) Whiterabbit injection gestationd9 dium seleni- delivered alive litter; sign. increase
telkg bw postimplantation loss; no malforma-
tions

Chernoff and CD-1mouse gavage administration: 0, 10 mgsodi- 10 mg: sign. reduction maternal body

Kavlock gestation d 8-12 um selenite/lkg weight gain, no. live pups postnatal d 1
(1982) bw and 3. Pup weights normal
Yonemotoet IVCSmouse s.c. administration: 0, 1,1.5,2.1, 6.8 and 4.6 mg/kg: al females died or
al. (1983) injection gestationd 12 3.2, 4.6, 6.8 mg aborted

or 16 Se/kg bw 3.2 mg/kg: maternal death, abortions

(d16); sign. decreased resorptions, live
born pups, reduction birth weight (NS),
decreased maternal bw (NS) (d12)

2.1 mg/kg: abortions, decreased no. li-
veborn pups (d16);

2.1 and 1.5 mg/kg: reduction maternal
bw (NS)

1 mg/kg: sign. increased no. live born
pups, no. implants (d12)

Yonemotoet CD-1mouse i.v.in-  administration: 0, 1.3, 1.6, 2.0, 2.5 mg/kg: maternal death injected was
al. (1984) jection gestationd12 25mgSe/kg  al levels: reduction maternal weight  either sodium
bw gain, birth weights, no. implantation si- selenite or
tes (NS), live born pups (NS). Nore-  selenogluta
sorptions thione
Plasterer et al. CD-1 mouse gavage administration: 0, 7 mg sodium 7 mg/kg: not-sign. decreased reproduc-
(1985) gestation d 7-14 selenite/kg bw  tion index; no apparent effects on ma-
ternal toxicity
Hau et al. Bom: NMRI drinking administration: 0, 0.2, 2.0, 10.0 10 mg: 66% abortion; sign. reduction
(1987) mouse water gestation d mg sodium se-  foetal body weight
11-18 lenite/kg bw 0.2-2 mg: no effects foetal or placental

weight; No malformations

d=day; i.v.= intravenous; s.c.= subcutaneous; NS= not significant
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Table 2.2 Developmental toxicity studies with selenium.

authors species route experimental dose findings remarks
period
Hardinet CD-1 mouse gavage administration: 0, 3.5,5.0, 7.0, 14.0 14 mg: sign. increased maternal death,
al. (1987) gestation d 6-13 mg sodium seleni- decreased weight gain, reduction via-
telkg bw ble litters, birth weight, postnatal
weight gain, pup viability. 3.5-7 mg: no
adverse effects
Danielson Sprague-Dawley gavage administration: 0, 1.5,3.0mg Se/kg Dose-dependent decreased maternal
etal. rat gestationd 7-16 bw body weight, food consumption; not-
(1988) sacrifice (¥ of sign. increased resorptions, skeletal
the females): anomalies.
gestation d 22 3 mg: sign. decreased foetal weight -
dose dependent
not-sign. persistent reduction in pup
body weight; no effects development,
behaviour
idem Sprague-Dawley gavage administration: 7.5, 15 mg Se/lkg bw 15 mg: maternal death, anophthalmia,
rat gestationd 7 - 9 exencephaly
or 12

Fermet al. Syrian hamster gavage, i.v. administration:
gestation d 8 or

(1990) injection,
osmotic mi- d 5-8

nipump in-  sacrifice: gestar
fusion tiond 13

Tarantal e¢ Macague mon- gavage
al. (1991) key
20-50

sacrifice (+ of
the females):
gestation d 100

administration:
gestation d

1.9-19.0 mg Se/kg bw

(sodium selenite)
4.35-20.8 mg Se/kg
bw (sodium selenite)
bw

14.7-49.4 mg Se/kg
bw (selenomethioni-
ne)

0, 25, 150, 300 ug/kg
bw

higher doses selenite/selenate; mater-
nal death, reduction food consumption,
encephal ocele and exencephaly

all dose groups: marked reduction body
weight, inanition

i.v.injection has more effect on lower
doses than oral administration; asingle
dose Se-methionine caused more effect
than extended infusion of the same do-
Sis

300 and 150 ug: emesis, reduction food
consumption, body weight (sign.),
pregnancy loss, not-sign. reduction foe-
tal weight, measures.

No maformations. Normal postnatal
growth and devel opment

d = day; i.v. = intravenous; sign. = significant
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Annex

E

Abbreviations

Abbreviations used:
bw = body weight
= day
F = female(s)
i.p. = intraperitoneal
iv. = intravenous
M = male(s)
n = number
NOAEL = no adverse effect level
OECD = Organisation for Economic Cooperation and Development
PN = postnatal
S.C. =  subcutaneous
w =  week
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