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Overall Summary

DSM Nutritional Products AG (referred as DSM thereafter) with its headquarter in Kaiseraugst,
Switzerland manufactures vitamin D3 (also known as cholecalciferol) and vitamin D3 containing
formulations at its sites in the European Union and in Switzerland. DSM sells vitamin D3 into the
food, the feed, and the pharma market. Thus, DSM complies with the CLP Regulation
requirements regarding packaging and labelling of its products and other regulations regarding
worker safety.

Vitamin D3 is an essential nutrient for human being. Insufficient exposure is known to produce
serious health problems such as rickets or osteoporosis. Vitamin D3 is available for human being
either by synthesis in the skin from UV-light exposure or through the diet. Intake of vitamin D3 in
the modern developed Western-style of living resulted in too low exposure to vitamin D3. In fact
infants are supplemented with vitamin D3 orally during their 1% year of life. Likewise, elderly are
usually recommended to take vitamin D3 supplements to overcome serious health implications.
Additionally, vitamin D3 is used for animal nutrition to support their production.

DSM is aware of the current intention to further expand the existing classification and labelling of
vitamin D3 based on a biocide registration process. The Rapporteur Member State Sweden
submitted a respective CLH report which is available from the ECHA webpage (referred as CLH
report (2016)). In this CLH report the Swedish authority provides argumentation on their rationale
for proposing vitamin D3 as a germ cell mutagen (category 2) and carcinogen (category 2).

DSM would like to express its serious concerns in that respect, since vitamin D3 is a biological
compound present in the bodies of animals and humans to support the homeostasis of calcium,
in particular for the bones formation and maintenance. Indeed, vitamin D3 is synthesized in the
skin thanks to the light of sun. From a biomonitoring survey performed in African tribes having
high sun exposures, it can be estimated that this production from sun exposure is equivalent to
oral vitamin D3 doses of 100-250 pg/day. Insufficient exposure to the sun, motivates its
supplementation in the diet of both people and animals. There is currently high concern in the
countries of northern latitudes as well in countries in which part of the population has to be highly
covered due to cultural practices, and the supplementation of vitamin D3 is promoted to ensure a
healthy population.

Classification and labelling of vitamin D3 as a mutagen (category 2) and carcinogen (category 2)
may have regulatory implications within the EU and potentially health issues for both human
being and livestock: “The Scientific Committee is of the opinion that substances which are both
genotoxic and carcinogenic should not be approved for deliberate addition to foods or for use
earlier in the food chain, if they leave residues with are both genotoxic and carcinogenc in food.”
(EFSA 2005). Considering this opinion, the use of vitamin D3 in animal production and for
people supply could be limited.

Based on an in depth analysis of the currently available data consisting of the CLH report,
DSM proprietary data, and published literature, DSM does not consider vitamin D3 as a
mutagen or carcinogen fulfilling the requirements laid down in the Guidance on the
Application of the CLP criteria (CLP 2015).

In this document DSM submits to ECHA and European Union Member States as well as to the
public domain its consideration and scientific argumentation which allows DSM to conclude that
vitamin D3 is neither a mutagen nor carcinogen. DSM provides data and additional information in
this document on both endpoints:
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Mutagenicity:

The proposal for considering vitamin D3 as a germ cell mutagen (category 2) is based on a
recent Ames Test and a recent in vivo Comet assay in the liver; both studies performed with
vitamin D3. These studies were considered positive in the CLH report.

Ames Test:

The CLH report gives consideration that the most recent Ames Test overrules the
other evidence from in vitro mutagenicity testing. This other evidence consists of a
negative mutation test in vitro in mammalian cells and two earlier but publically
available Ames tests with vitamin D3.

When testing natural substances in standard toxicological testing care needs to
be taken into account for susceptibility of the isolated material towards oxygen
and light being not protected with e.g. antioxidants. Such artificial conditions may
lead to degradation of the material and consequently results from toxicological
studies which are irrelevant for the real-life situation. For example it was recently
published that improper handling of the carotenoid zeaxanthin produced artificial
oxidation products being responsible for a positive response in the Ames Test.
Using appropriate protection, a negative Ames Test was obtained (Edwards
2016).

Vitamin D can be artificially oxidized to epoxide and cyclic peroxide structures
once being unprotected from light and oxygen in solvents (Min & Boff 2002). It is
known that peroxides and epoxides are reactive and such artificially produced
deterioration products could have caused the equivocal positive responses in one
out of three Ames Tests.

DSM investigated the degradation of vitamin D3 in different solvents without
protection against light and oxygen. Within 1 hour incubation oxidation products
were not detected by analytical means in ethanol, methanol, and acetone.
Whereas in DMSO, already after 1h, oxidative products were seen. One of them
was identified as 7,8-epoxy vitamin D3 (DSM 2015).

Based on these results a further Ames test was performed using tester strains
TA100 and TA1535 (the two ones with the equivocal positive results as cited in
the CLH report) under GLP and OECD guideline thereby using protection against
oxygen and light as much as possible. The results of this new study (DSM 2016)
confirm the negative responses seen previously in the earlier published Ames
Tests and put the results of this single weakly positive study into questions.

In addition, Ames Test data on 25-hydroxy vitamin D3, the metabolite of vitamin
D3 formed in the liver, also showed no indication of an increased revertant
frequency (DSM 2013).

Overall, the weight of evidence using the currently available reports of three
negative Ames Tests and one negative in vitro mutation test in mammalian cells,
the negative Ames Test of 25-hydroxy vitamin D3, as well as the possibility of
artefacts due to improper handling indicate that vitamin D3 poses no mutagenic
properties in vitro.

In vivo Comet assay: Considering the overall weight of evidence on the mutagenic activity of

vitamin D3 in vitro discussed above, it is difficult to understand why the DNA-
damage observed in the liver should be the result of a direct DNA-interacting
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activity of vitamin D3 or of vitamin D3 metabolites. Therefore, the present in vivo
Comet assay study should be looked at in more details.

Vitamin D3 — DSM Comments to Public Consultation on CLH Report

Literature data show liver damage in laboratory animals shortly after vitamin D3
intoxication consisting of hepatocyte necrosis and mitochondrial damage (partly
using non-standard techniques such as electron microscopy, Gascon-Barre &
Cote 1978, Kocher et al.,, 2010, Chavan et al., 2011). It is possible that such
effects may not be seen in standard histopathological examination in such short-
term studies as discussed by Speit et al. (2015).

Furthermore, the animals showed all signs of a severe hypervitaminosis D evident
by hypercalcemia and hyperphosphatemia resulting in severe body weight loss.
Thus, the dose levels used in the study seem to be clearly above the Maximum
Tolerated Dose (MTD) and are close to dose levels causing death after single
application. This severe intoxication could have resulted in the observed strand
breaks.

Overall, the increased DNA-migration seen in the in vivo Comet assay in the liver
after administration of doses being close to the LD50 are likely a secondary
response to the hypercalcemia and/or liver damage.

Therefore, vitamin D3 should not be considered a germ cell mutagen (category 2)
because it does not match the criteria laid down in CLP (2015).

Carcinogenicity:

The proposal for considering vitamin D3 as a carcinogen (category 2) is based on two published
studies (Ikezaki et al., 1999, Tischler et al., 1999) where vitamin D3 or a downstream metabolite
(24R,25-dihydroxy vitamin D3) were tested in male rats. A low incidence of adrenal medulla
tumors (pheochromocytoma) was noted in the treated groups at high dose levels only.

The dose levels used in the Tischler study with vitamin D3, produced severe systemic toxicity as
evident by mortality, no or only very limited body weight gain, and hypercalcemia. The applied
dose levels clearly exceeded the MTD and are therefore of limited relevance for classification
and labelling (CLP 2015).

Pheochromocytoma have a high background incidence in rats and the low incidence seen in this
study is certainly within the nhormal biological variation rather than a biologically relevant increase
in tumor incidence.

In the lkezaki study, a different test substance was used. The test substance is 24R,25-
dihydroxy vitamin D3, CAS 126356-63-6 a down-stream metabolite of vitamin D3. Oral dosing of
this substances produces a qualitative different plasma metabolite profile as compared to the
metabolite profile after dosing vitamin D3. Vitamin D3 metabolites like 25-hydroxy vitamin D3 or
1,25-dihydroxy vitamin D3 cannot be produced upon oral administration of 24,25-dihydroxy
vitamin D3 (Shepard & DelLuca 1980, DeLuca 1986). We therefore believe that the use of data
for this down-stream metabolite is not justified to evaluate the hazard of vitamin D3. Further the
respective study does not comply to any testing guideline, is non-GLP, and thus has a low
reliability.

Pheochromocytoma induction in rats due to disturbed calcium homeostasis is a species specific
mode of action for rats. This mode of action has no relevance for human as already discussed
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by other competent bodies like the Joint FAO/WHO Expert Committee on Food Additives
(JECFA 1997).

It has been demonstrated that vitamin D3 is non-carcinogenic in human being. Human data
provide no evidence of increased tumor incidences in relation to high doses of 100 pg/d vitamin
D3 supplementation even in susceptible population (Marshall et al., 2012). 100 pg/d is the
agreed Upper Level of vitamin D3 in adults (EFSA, 2012). A recent meta-analysis indicates that
cancer occurrence in vitamin D3 supplemented groups is identical to the non-vitamin D3
supplemented control groups (Bjelakovic et al., 2014). Likewise, human being is exposed ever
since to vitamin D3 due to vitamin D3 production in skin. The produced amount is equivalent to
high oral doses (> 100 pg/d).

We therefore conclude that the available data for vitamin D3 do not justify classification
as a carcinogen category 2 according to CLP requirements (CLP 2015).

Vitamin D3 — DSM Comments to Public Consultation on CLH Report
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1. Germ cell mutagenicity

The proposal for considering vitamin D3 as a germ cell mutagen (category 2) is based on a weak
positive Ames Test and a positive in vivo Comet assay in the liver. Below we will evaluate these
studies in the light of further data and conclude in a weight-of-evidence approach.

1.1. Invitro data - Instability of vitamin D3 in solvent

The CLH report summarizes in total 3 different Ames Tests. Two of those studies showed
negative outcomes i.e. no indication for mutagenic potential whereas only one of the studies was
weakly positive. In addition, mutagenicity testing in mammalian cells (Mouse Lymphoma Assay,
MLA) was also negative.

In the positive Ames Test, inconsistent and only marginally positive responses were seen with
increases in revertant numbers when compared to the concurrent control just above the
respective thresholds for a positive response: For TA 100 an increase slightly above the
biologically relevant threshold of factor 2 and without a clear dose-response relationship as
compared to the vehicle control (Table 1) and for TA1535 an increase of factor 3 without a clear
dose-response relationship (Table 2) has been noted.

Tablel Ames Test: Summary table of TA 100 (taken from CLH report)

Concentration Initial Mutation Test Confirmatory Mutation Test
[ng/plate] Mean number of revertants Mean number of revertants
- S9 + S9 - S9 + S9
Untreated control  122.3 111.0 101.7 94.3
DMSO 118.3 116.3 94.0 106.3
Distilled water 118.3 - 106.7 -
control
5000 211.3 305.0 99.3 245.7
3750 221.7 299.7 94.7 204.3
2500 182.7 265.3 98.7 173.3
1250 139.7 201.7 105.3 125.0
625 123.7 175.3 107.3 135.7
3125 124.3 158.0 107.7 115.0
156.25 115.3 139.7 104.0 114.0
78.125 100.0 123.0 107.7 114.7
PC 1477.3 2330.7 1440.0 2214.7

PC (positive controls): without S9-mix SAZ; with S9-mix 2-AA
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Table2 Ames Test: Summary table of TA 1535 (taken from CLH report)

Concentration Initial Mutation Test Confirmatory Mutation Complementary

[ng/plate] Test Mutation Test
Mean number of Mean number of Mean number of

revertants revertants revertants

-S9 +S9 -S9 +S9 -S9

Untreated control 11.0 15.3 12.0 9.0 9.0

DMSO 6.0 12.0 9.7 11.0 8.3

Distilled water control 8.3 - 9.3 - 8.7

5000 19.3 14.7 5.0 28.0 40.3

3750 18.7 22.0 7.0 27.3 29.3

2500 18.7 16.0 8.3 19.3 12.0

1250 12.7 15.0 8.7 12.7 12.3

625 7.7 10.3 10.7 17.0 9.0

3125 10.3 11.7 12.3 11.7 7.7

156.25 13.0 12.0 8.7 10.0 8.7

78.125 8.3 11.3 8.7 13.7 7.7

PC 1354.7 205.3 1206.7 204.7 1280.7

PC (positive controls): without S9-mix SAZ; with S9-mix 2-AA

The limited detail of reporting of the Ames Test results in the CLH report is a pity. Without
information on standard deviations which would allow to assess variability in more detail,
interpretation becomes very difficult. Likewise, historical control data are very important to
assess whether revertant numbers are normal i.e. within the historical control range: For
example, in strain TA 1535, the concurrent negative controls show great variability from 6.0 up to
15.3 mean revertant number (Table 2). Thus, the positive response in the initial mutation test
without S9-mix may simply be due to a very low number of revertants in the DMSO control as
compared to the normal control variation. The results in this most recent study in TA1535 do not
seem to be very reproducible.

It is further important that in another published study vitamin D3 was tested in these two strains
(TA100 and TA1535) up to much higher concentrations (up to 10°000 ug/plate) and showed
negative results.

Vitamin D3 but also its analogue vitamin D2 (combined referred as to vitamin D) are compounds
with conjugated double-bonds or more specifically a conjugated triene system (see Figure 1).
Conjugated double-bonds can be oxidized as this is known from other natural compounds such
as carotenoids, unsaturated fatty acids, or cholesterol (Min & Boff 2002). It has been shown that
natural substances with the structural feature of unsaturated conjugated double-bonds can
degrade once being isolated and not protected from air and light. The result of this deterioration
is the formation of mutagenic degradation products as nicely shown for the carotenoid
zeaxanthin (Edwards 2016).

In fact already early literature shows that vitamin D can be oxidized in aqueous systems and in
solvents in the presence of light, moisture, heat, and oxygen. In general, vitamin D is not very
stable when exposed to light and air.
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Figure 1 Chemical Structure of vitamin D2 (left) and vitamin D3 (right) with the conjugated triene
system (red circle)

Amer et al. (1970) performed several experiments on the stability of vitamin D2 under different
conditions such as illumination of the pure compound in combination with high humidity or in
solvents. Although the analytical capabilities at that time were more limited as compared to
today, the infrared spectrum showed that the conjugated triene system rapidly disappeared
especially in solvents. The infrared spectra further show the occurrence of a ketonic structure.

Kozhina et al. (1971) also studied the oxidative abiotic degeneration of vitamin D2 in agueous
solution: A solution of 1g vitamin D2 in 1L of aqueous medium (50 mL ethanol plus 950 mL
distilled water) was stirred at 50°C for 4h. The following degradation products were identified: a
carbonyl compound, a cyclic peroxide, and pre-calciferol.

The stability of vitamin D3 in acetonitrile was investigated (Renken & Warthesen 1993). Samples
held at 4°C without exposure to air exhibited no degradation. In the presence of air at 21°C,
however, it degraded with a 60% loss after 10 days.

In another study by King & Min (2002), vitamin D2 storage stability was studied in a model
system of 12% water and 88% acetone. In the presence of riboflavin and under light conditions,
the triene system reacted with oxygen. The combined information from UV, MS, and FTIR
spectra indicated that a 5,6-epoxide of vitamin D2 was formed from vitamin D2 (Figure 2).

._.L']'

R = hh»f\(

Figure 2 Proposed chemical mechanism for the formation of 5,6-epoxide from vitamin D2 (taken
from King & Min (2002)

Thus, vitamin D3 in agueous solution or in organic solvent can be oxidized in the presence of
light and oxygen and form reactive degradation products such as peroxides or epoxides.
Therefore, care needs to be taken in the preparation of samples and dilutions of vitamin D3
before they enter the Ames Test.
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Recently, DSM investigated the short-term behavior of vitamin D3 in different solvents at high
concentrations (DSM 2015). Oxidative degradation was observed in all tested solvents (DMSO,
ethanol, methanol, and acetone). However, only in DMSO, formation 7,8-epoxy vitamin D3 was
seen within the first 4 h after solubilisation whereas a similar behavior in the other three solvents
was not noted. Thus, the use of DMSO results in artificial formation of reactive oxygen products.

Vitamin D3 — DSM Comments to Public Consultation on CLH Report

DSM performed an Ames Test in strains TA 100 and TA1535 using ethanol as solvent. The
handling was performed under red-light conditions. Further weighing and solubilisation were
performed in an oxygen-free cabinet (glove box). No increase in the revertant rate in both strains
either in the presence or absence of metabolic activation was seen (DSM 2016).

The first down-stream metabolite of vitamin D3 (25-hydroxy vitamin D3) was not mutagenic in an
state-of-the-art Ames Test (DSM 2013) which is further supportive that a single weakly positive
result could be the result of improper handling.

The currently available study reports show only one weakly positive Ames Test, against
all the other negative in vitro mutation studies (3 negative Ames Tests, a negative forward
mutation study in mammalian cells, and a negative Ames test with the liver metabolite of
vitamin D3 (25-hydroxy vitamin D3)). The artificial degradation of vitamin D3 in organic
solvent to reactive compounds further suggests that vitamin D3 is not a mutagen in vitro.

1.2. Invivo MNT/Comet Assay

1.2.1. Invivo MNT

In the CLH report p. 30, the following statement is made: “Cholecalciferol was tested in vivo in a
combined Comet and micronucleus assay. The study was performed in accordance with GLP
and the draft OECD TG for Comet assay (December 2013). The result of the micronucleus
assay was negative. However, since no cytotoxic effect was seen in the bone marrow it is not
possible to conclude that the target tissue was exposed in the study although this seems likely
considering that cells such as osteoblasts, osteoclasts and chondrocytes express VDR (Vitamine
D Receptor).”

Published literature and DSM internal investigations show that vitamin D3 and its metabolites are
present in plasma upon single or repeated oral dosing of rats (Shepard & DelLuca 1980, DSM
2010). The bone marrow is readily accessible to substances that are present in the blood. Thus,
the target tissue bone marrow for the in vivo MNT was reached and the results of the in vivo
MNT part of the study are fully valid. DSM therefore does not agree with the above cited
paragraph.

1.2.2. Acceptability of the in vivo Comet

The combined in vivo MNT/Comet Assay does not fulfill the acceptance criteria for an in vivo
Comet assay as specified in OECD 489 (2014):

Paragraph 58 on the acceptance of a test indicates the following acceptance criteria:

“.... d. The criteria for the selection of highest dose are consistent with those described in
paragraph 36.”

Paragraph 36 states:

“The study should aim to identify the maximum tolerated dose (MTD), defined as the dose
inducing slight toxic effects relative to the duration of the study period (for example, clear clinical
signs such as abnormal behaviour or reactions, minor body weight depression or target tissue
cytotoxicity), but not death or evidence of pain, suffering or distress necessitating euthanasia.”
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DSM considers body weight losses of 3.6% and 7.8% in the mid (7.5 mg/kg bw) and high dose
level (15 mg/kg bw), respectively, within only 3 days not minor but major body weight loss. It is
therefore a clear and definitive sign that the MTD was exceeded and that animals were lethally
intoxicated. This view is supported by acute oral toxicity studies performed with vitamin D3 (p. 15
of the CLH report (2016)) where a dose of 25 mg/kg bw caused death in two out of ten animals.
Likewise, lethally intoxicated rats usually fade away between four and five days after
administration (DSM 2004). Overall, this is not in compliance with paragraphs 58 and 36 cited
above and the study does not meet all the acceptance criteria defined by OECD 486 (2014). No
judgment should be made on the outcome of the study as further detailed in section 1.2.3.
below.

Vitamin D3 — DSM Comments to Public Consultation on CLH Report

1.2.3. Toxicity in the target organ biased the results of the Comet assay in the
liver

There are apparently differences in the interpretation of the results: The CLH report (p. 30-31)
considers the results of the in vivo Comet Assay in the liver as positive whereas other experts
consider the study results as irrelevant due to the high toxicity observed.

It is agreed in the CLH report (p. 31) that “excessive toxicity may give false positive results due
to induction of necrosis followed by hyperplasia”. The question therefore is whether the absence
of inflammation in the liver of the exposed rats automatically needs to result in the conclusion
that “the increased DNA migration in the liver cannot be explained by an excessive toxicity”. This
is an important aspect especially when considering that histopathological changes are more
likely to become evident during longer repeat dose studies (Speit et al., 2015).

It is therefore a pity that the liver in the 28-day study was not examined by histopathology to
have a broader basis of information in terms of liver toxicity after short-term treatment with
vitamin D3. There are, however, data in the peer-reviewed literature which should be used and
which can help to decide whether or not the borderline liver results in the Comet Assay are the
result of cytotoxicity in the organ:

Upon electron-microscopic investigation of rat liver obtained from animals intoxicated with a
single dose of vitamin D3 (0.6x10° IU/kg equivalent to 15 mg/kg') a dilatation of the rough
endoplasmic reticulum and swelling of mitochondria was observed (Gascon-Barre & Cote 1978).

Giving single doses of 36 mg/kg bw to rats results in liver toxicity, hepatic cell degeneration,
dilation of hepatic sinusoids and marked centrilobular necrosis (Kocher et al., 2010).

Likewise Chavan et al (2011) report about histopathological changes in rats treated for 10 to
19 days with 2 mg/kg bw/d: The histopathological findings in the liver included fatty/vacuolative
degeneration of hepatocytes.

The severity of effects seen in the study being mainly the pronounced body weight losses likely
due to impaired food consumption accompanied by hypercalcemia during dosing clearly
indicates severe systemic toxicity and exceedance of the MTD. Histopathologically, this is
reflected by reduced glycogen in the liver of the animals. The CLH report, however, argues that
the observed glycogen depletion in the mid and high dose is not the result of the severe toxicity
(and strong body weight losses) but it could be the consequence of fasting prior to necropsy
(CLH report p. 31).

! 11U vitamin D3 is equivalent to 0.025 pg vitamin D3
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In a study of Freminet & Leclerc (1980) groups of male Sprague-Dawley rats were fasted for
48h. In comparison to the control fed ad libitum, the glycogen in the liver of the fasted rats was
totally exhausted. The fasted animals lost 13% weight within the 48h fasting period. Thus, the
observed body weight losses and reduced glycogen in the liver observed in the Comet assay
reflects starvation of the animals rather than a simple fluctuation in the glycogen content
amongst the groups.

Vitamin D3 — DSM Comments to Public Consultation on CLH Report

To conclude the additional literature data support the view that increased DNA migration in
isolated liver cells upon dosing of rats with 7.5 and 15 mg/kg bw/d in an in vivo Comet assay is
not biologically relevant due to (i) exceedance of the MTD and consequently extreme systemic
toxicity, (ii) liver damage and consequent possible interference with the Comet assay endpoint,
and (iii) the difficulty to conclude on a direct induction of strand-breaks by vitamin D3 and/or its
metabolites in the light of the results of negative vitamin D3 in in vitro mutagenicity testing.

2. Carcinogenicity

The proposal for considering vitamin D3 as a carcinogen (category 2) is based on two published
articles where vitamin D3 (Tischler et al., 1999) or a downstream metabolite (24R,25-dihydroxy
vitamin D3) were tested in male rats (lkezaki et al., 1999). A very low incidence of
pheochromocytoma was noted: in the study of Tischler 1 out of 9 male rats showed a
pheochromocytome after 26 weeks of treatment with vitamin D3; 1 out of 20 male rats had a
pheochromocytome after 1 year of treatment with 24R,25-dihydroxy vitamin D3 (Ikezaki et al.,
1999).

2.1. Adequacy and Reliability of animal data

The CLH report references two published reports in rat to support their conclusion on
carcinogenic hazard of vitamin D3 (Tischler et al., 1999; Ikezaki et al., 1999).

These two investigations are neither compliant to any guideline with the aim of studying
carcinogenicity nor were they conducted under GLP. Both studies cannot be considered full
carcinogenicity studies: The study design such as dose level setting, number of dose groups, or
number of animals per group is not acceptable for studies to be used for classification and
labelling. Additionally, in one of the studies a different test substance not being vitamin D3 was
used. In the sections below, the studies are discussed in detail.

2.1.1. lkezaki study
The study of Ikezaki et al. (1999) is not relevant for discussion about vitamin D3.

The study investigated a down-stream metabolite of vitamin D3 not vitamin D3 itself. The test
substance was 24R,25-dihydroxy vitamin D3 (CAS: 126356-63-6). The hydroxylation of vitamin
D3’s major plasma metabolite 25-hydroxy vitamin D3 in position 24 results in 24R,25-dihydroxy
vitamin D3 and is considered to be an inactivation step resulting in less biological activity
(Christakos et al., 2010).

Shepard & DelLuca (1980) nicely showed the circulating metabolites formed in rats upon oral
treatment of vitamin D3 and measured the concentrations of vitamin D3, 25-hydroxy vitamin D3,
25R-0OH-26,23S-lactone (lactone), 24,25-dihydroxy vitamin D3, 25,26-dihydroxy vitamin D3, and
1,25-dihydroxy vitamin D3 (Figure 3, Table 3).
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Figure 3 Suggested metabolic pathway of vitamin D3 (taken from DelLuca 1986): D3 (Vitamin D3
or cholecalciferol), 25-OH-D3 (25-hydroxy vitamin D3 or calcifediol), la,25-(OH),D3
(1a,25-dihydroxy vitamin D3 or calcitriol), 24R,25-(OH),D3 (24R,25-dihydroxy vitamin D3),
25R-0OH-26,23S-lactone (lactone) and 25R/S,26-(0OH),D3 (25,26-dihydroxy vitamin D3).
When giving the down-stream metabolite 24R,25-dihydroxy vitamin D3, vitamin D3, 25-
hydroxy vitamin D3 and 1,25-dihydroxy vitamin D3 cannot be present.

Upon oral dosing of 24,25-dihydroxy vitamin D3 there is a different metabolite profile than after
dosing of vitamin D3: When giving the down-stream metabolite 24R,25-dihydroxy vitamin D3,
vitamin D3, 25-hydroxy vitamin D3 and 1,25-dihydroxy vitamin D3 cannot be present in the
circulation. Indeed, the only metabolites detected after administration of 24R,25-dihydroxy
vitamin D3 were 24-0x0-25-hydroxy vitamin D3 and 1,24,25-trihydroxy vitamin D3 (Jarnagin et
al., 1985). Thus, vitamin D3 and 24R,25-dihydroxy vitamin D3 have qualitatively different
metabolite profiles.
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Table 3 Plasma concentrations of vitamin D3 and metabolites in rats given various amounts of
vitamin D3 (taken from Shepard & DelLuca 1980)

24,25~ 25,26- 1,25- Plasma

Amount Vitamin D, 25-0H-D, Lactone {OH),D, (OH),D, {OH)LD, caleium
(nmoliday) (ng/ml} {(ng/ml} (ng/ml) (ng/ml) (ng/ml) {pg/ml) (mg/100 mb)
0.65 113 = 6.1 23=x 1.9 <0.06 - 0.56 = 0.13 <(.2 80 = 60 9.0 =01

6.5 110 + 43 4.7+ 8.6 0.35 = 0.12 3.98 = 1.90 0.20 = 0.36 7T+ b4 9.4 = 04
65 368 = 121 742 =145 103 = 3.9 25.5 = 5.2 T7.60 = 2.78 g8+ 9 9.7 =03
650 1338 = 329 643 + 93° 64.5 = 19.1¢ 3.5 = 29.67 16.4 = 4.7 51 = 11° 12.4 = 1.0°

6500 3108 1111 43.8 86.5 5.4 37 13.8

“ Rats were orally dosed daily for 14 days with indicated amounts of vitamin Dy. The data were expressed as the mean of
5 rats = SD.

* Differ from control group (0.65 nmol/day) and from group receiving 65 nmol/day at P < 0.001.

¢ Differ from group receiving 65 nmol/day at P < 0.001.

“ Differs from control group (0.65 nmol/day) at P < 0.001 and from group receiving 65 nmoliday at P < 0.010.

In the lkezaki study only 1 dose group was used rather than 3 dose groups (as required in any
repeated dose toxicity study guideline), there were only 20 male animals per group (instead of
the usually required 50 animal per sex per group in a carcinogenicity study) resulting in
deviations from all guidelines about repeated dose toxicity testing.

At the end of the study, a pheochromocytoma incidence of 1 animal in 20 animals was noted in
the treated group as compared to zero in the control group. This is of limited relevance
considering that the study was performed in Wistar rats which have a considerable high
background incidence for pheochromocytoma of up to 82% (Tischler et al., 2015, Lynch et al.,
1996).

We conclude that the study is not appropriate to assess vitamin D3 in terms of carcinogenicity
because of the poor quality of the study design. Administration of 24,25-dihydroxy vitamin D3
results in differences in terms of metabolite profile when compared to vitamin D3 and results of
this study are not to be used.

2.1.2. Tischler study

The study was also not conducted in compliance with OECD guidelines for repeated dose
toxicity testing and not in compliance with GLPs. The administered dose levels (0, 5000, 10000,
or 20000 1U/kg bw/d equivalent to 0, 125, 250, or 500 pg/kg bw/d) were extremely high and
exceeded the MTD. Originally, it was scheduled that 12 animals per group should be available
after 26 weeks for examination. At the end of the treatment period, however, 11, 12, 10, or 9
animals were available for histopathology in the control, low, mid and high dose group,
respectively.

At the end of treatment at 10000 IU/kg bw/d (250 pg/kg bw/d), 22% lower body weights as
compared to controls and at 20000 IU/kg bw/d (500 pg/kg bw/d) 69% lower body weight as
compared to controls were observed (see Figure 4). In fact, the 20000 IU/kg bw/d dose group
gained almost no weight.
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Severe systemic toxicity was evident by mortality, severly impaired body weight gain,
hypercalcemia and hypercalcuria together with nephrotoxicity. At 20000 1U/kg bw/d mild to
moderate nephrocalcinosis, patchy tubular atrophy and scaring, and at 10000 IU/kg bw/d mild
nephrocalcinosis were noted.

Vitamin D3 — DSM Comments to Public Consultation on CLH Report
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Figure 4 Effects of vitamin D3 treatment on body weight development upon oral dosing with 0O,
5000, 10000, or 20000 IU/kg/d (0, 125, 250, 500 pg/kg/d) in the study of Tischler et al.
(1999): modified from Figure 8 of the publication.

It is agreed that for assessing carcinogenicity a 10% decreased body weight gain should not be
exceeded and the longevity of the animals should not be impaired (CLP 2015). In the Tischler
publication (Tischler et al., 1999), reduced body weight gains of 20-70% of control were noted
(Table 4). In addition, animal losses were reported being 3 animals out of 12 at the high dose.
Thus, pheochromocytomas were only seen in severely intoxicated rats and at doses clearly
exceeding the MTD. We therefore consider this study to be heavily biased by the severe toxicity
and non-acceptable for judgment on carcinogenic activity.
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Table4 Summary of body weight gain observed in the Tischler study (Tischler et al., 1999).
Values were taken from Figure 4 above.

control mid dose: (250 | high dose: (500
pg/kg bw/d) pa/kg bw/d)
start weight (g) 330 330 330
weight after 13 weeks (g) 575 525 400
bw gain start to week 13 245 195 70
(9 (% of control)) (79) (29)
weight after 26 weeks (g) 650 550 400
bw gain start to week 26 320 220 70
(g (% of control)) (69) (22)

The observation of pheochromocytoma in the Tischler study can be either within the normal
background variation of a tumor with well-known high background incidence or can be a
secondary effect related to excessive toxicity as demonstrated by stagnation of body weight
development, hypercalcemia and nephrocalcinosis. It was published by the National Toxicology
Program (Nyska et al., 1999) that nephrocalcinosis can lead to the formation of
pheochromocytoma in rats as a secondary effect due to increased circulating calcium
concentrations.

Overall, we do not consider the study protocol and results robust enough to conclude that
vitamin D3 should be classified as a category 2 carcinogen.

2.2. Mode of Action and Relevance of Animal Data for Human Being

2.2.1. Disturbed calcium homeostasis can lead to pheochromocytoma in the rat
adrenal medulla

Vitamin D3 as an endogenous substance in humans being produced from UV-light in exposed
skin serves to ensure adequate calcium homeostasis. High oral doses exceeding the normal
vitamin D3 requirements can produce disturbance of the calcium homeostasis visible by
hypercalcuria, hypercalcemia, organ mineralization, and/or nephrotoxicity. Intravenously
administered calcium produced hypercalcemia and adrenal chromaffin cell proliferation in rats
(Isobe et al., 2012). Thus, impaired calcium homeostasis in rats results in proliferative changes
in the adrenal medulla.

Nephrotoxicity - a well-known effect of high vitamin D3 doses - is also a condition known to result
in secondary pheochromocytoma in the rat (Nyska et al. 1999).

Overall, disturbed calcium homeostasis producing pheochromocytoma is described for several
substances like several poorly absorbed sugars or vitamin D3 (Lynch et al., 1996; Tischler et al.,
1999, Greim et al., 2009). Table 5 gives an overview on the relation between disturbed calcium
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homeostasis and adrenal chromaffin cell proliferation after administration of vitamin D3 or
excess calcium.
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Table5 Association between disturbed calcium homeostasis, effects on adrenal medulla and kidney toxicity due to disturbance of calcium
homeostasis
Substance | Study Sex | Dose serum serum urinary effects on adrenal medulla kidney Reference
Duration calcium phosphorus | calcium toxicity
(mg/kg bw/d or | concen- concen- concen- proliferative lesion incidence pheo-
concentration in | tration tration tration (incidence) chromocytoma
water or diet)
vitamin D3 | 90-day M 0.012 1 - -- -- - CLH
gavage report
study in M 0.06 1 -- - - x1
Wistar rats
M 0.3 T i -- chromaffin cell -- x1
hyperplasia (3/10)
F 0.012 -- -- -- --
F 0.06 1 - - - x1
F 0.3 1 1 -- chromaffin cell -- x1
hyperplasia (4/10)
vitamin D3 | 26-week M 0.125 1 1 1 -- -- X2 Tischler et
study al., 1999
feeding M 0.25 1 1 1 hyperplastic nodules 1/10 X2
study in (5/10)
Crl:CD BR
rats M 0.5 1 0 1 hyperplastic nodules 1/9 x2
(719)
calcium 7-day M 1920 ) n.m. 1 proliferation of -- - Isobe et
gluconate infusion chromaffin cells* al., 2012
study in SD
rats 3840 1 n.m. 1 proliferation of -- X2
chromaffin cells*
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Substance | Study Sex | Dose serum serum urinary effects on adrenal medulla kidney Reference
Duration calcium phosphorus | calcium toxicity
(mg/kg bw/d or | concen- concen- concen- proliferative lesion incidence pheo-
concentration in | tration tration tration (incidence) chromocytoma
water or diet)
lactitol 130-week M 0% n.a. n.a. n.a. no data benign: 10/45 - Sinkeldam
feeding . ) et al.,
study malignant: 3/45 1992
M 2% - n.m. - no data benign: 18/50 -
malignant: 4/50
M 5% - n.m. - no data benign: 8/44 -
malignant: 3/44
M 10% -- n.m. 1 (trend) no data benign: 18/48 x3
malignant: 2/48
lactose M 25% -- n.m. 1 (trend) no data benign: 21/50 x3
malignant: 9/50
lactitol F 0% n.a. n.a. n.a. no data benign: 1/50 -
malignant: 0/50
F 2% - n.m. 1 (dose- | no data benign: 3/50 -
response) malignant:0/50
F 5% - n.m. 1 (dose- | no data benign: 2/49 x3
response) malignant: 1/49
F 10%x4 - n.m. 1 (dose- | no data benign: 3/50 x3
response) malignant: 2/50
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Substance | Study Sex | Dose serum serum urinary effects on adrenal medulla kidney Reference
Duration calcium phosphorus | calcium toxicity

(mg/kg bw/d or | concen- concen- concen- proliferative lesion incidence pheo-
concentration in | tration tration tration (incidence) chromocytoma
water or diet)

lactose F 25%x4 -- n.m. 1 (dose- | no data benign: 2/50 x3

response) malignant: 1/50

1 statistically significant higher than control

X present

x1 tubular mineralization, degeneration/regeneration, tubular dilatation

x2 nephrocalcinosis

x3 pelvic nephrocalcinosis

x4 decrease in femur calcium content

* seen only by BrdU-labelling technique but not by standard histopathology

-- not detected, not changed

n.m. not measured

n.a. not applicable
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2.2.2. Pheochromocytoma due to disturbed calcium homeostasis is species
specific to rats

Adrenal medullary pheochromocytoma are often observed in rat studies. However,
pheochromocytomas in rats differ from those in all other species in several important aspects:
they are common, they are often bilateral and multicentric, and they are induced by many agents
whereas it is usually not seen in mice cancer studies. Pheochromocytoma in humans are rare
and usually solitary, except in patients with hereditary disorders that predispose to their
development. Moreover, there are no data suggesting that they may be inducible. These
differences have increasingly led regulatory agencies to discount the importance of rat
pheochromocytomas for purposes of risk assessment because they are considered to be
species specific and irrelevant for human (Tischler et al., 2015). For example ECHA concluded
that the occurrence of pheochromocytoma as a secondary response to exposure to a particulate
compound is not relevant for human (RAC 2011). The JECFA considered the occurrence of
adrenal pheochromocytoma as secondary due to disturbed calcium homeostasis as non-relevant
for human being (JECFA 1997).

Pheochromocytomas are tumors originating from chromaffin cells and are common in aging rats
but rare in mice and human being (Chandra et al., 2013). As discussed in detail by Greim et al.
(2009), chemically induced pheochromocytoma in rats can occur due to several conditions such
as hypoxia, uncoupling of oxidative phosphorylation, disturbance of calcium homeostasis (see
above), and disturbance of the hypothalamic endocrine axis. Thus, they are usually secondary.

An in depth analysis in terms of species differences was reviewed by Lynch et al. (1996) and is
briefly summarized in Table 6 for the sake of completeness.

To conclude, disturbed calcium homeostasis can result in rats in the formation of adrenal
pheochromocytoma as a secondary reaction. This phenomenon is species specific to rats and
not relevant for human being. Therefore, it is not appropriate to classify vitamin D3 as a
carcinogen.
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Table 6

Adrenal Medulla: Species differences between rat and human (based on Lynch et al., 1996)

Rat

Human

Anatomy of the adrenal

gland

types of chromaffin cells

distinct chromaffin cells for
norepinephrine

epinephrine and

chromaffin cells contain both epinephrine and norepinephrine within a
single cell

small granule containing cells

existing

not clearly defined counterpart identified

content of acidic proteins
(chromogranins) within granules of
chromaffin cells

chromogranin A predominates

chromogranin A and B present in about equal amounts

Characteristics of chromaffin
cells

basal proliferation of chromaffin cells

proliferation throughout life

no proliferation observed in normal adult human adrenal medullary
cells

response of chromaffin cells to stimuli

proliferation in response to mitogenic factors

inherently less responsive to mitogenic stimuli than adult rat
chromaffin cells

Characteristics of Incidence spontaneous  high incidence with strong | hyperplasia in the adrenal medulla occurs rarely and tend to be
proliferative lesions dependence on the strain: Wistar up to 86%, | observed in humans with a familial disposition to the development of
Sprague-Dawley 31% pheochromocytoma as part of multiple endocrine neoplasia
syndrome.
incidence in the general human population is estimated to range from
0.005 to 0.1%

Morphology proliferative lesion contains cells that are smaller | cells within proliferative lesions can be either smaller or larger than
than normal chromaffin cells, have small secretory | normal chromaffin cells, generally have no consistent granule
granules, show little staining for the presence of | morphology and often contain abundant stores of epinephrine
epinephrine synthesizing ability

Function proliferative lesions normally are not patients often show symptoms of catecholamine excess

hyperfunctional
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2.3. CLH proposal versus conclusion of other competent bodies

The CLH report further mentions on page 42 in section 10.9.1, relevance to humans, c¢) that
“information is lacking with respect to any association of high dose (i.e. doses outside the
supplement range) exposure to vitamin D in humans and cancer. The human data described
above only support lack of association with cancer in the dose range 10 to 27.5 ug/day.”

Vitamin D3 is a naturally occurring constituent of human body and it is synthetized via UV-light
exposure in our skin. Thus, human being was always exposed to vitamin D3 mainly via exposure
to sunlight.

Two important authoritative bodies concluded on a safe maximum supplementation dose (Upper
Level (UL)) being 4000 IU%d (100 pg vitamin D3/d) for adults. This UL is 4 to 10 times higher
than the dose level range given in the CLH report not being associated with cancer. Details on
the UL of vitamin D3 are given in the report of the Institute of Medicine (IOM 2011) and in the
scientific opinion of the European Food Safety Authority (EFSA 2012).

2.4. Human Data

2.4.1. Natural human exposure to vitamin D3 from synthesis in skin

25-hydroxy vitamin D3 is the circulating metabolite of vitamin D3. The vitamin D3 status of a
person is determined by measuring the plasma or serum 25-hydroxy vitamin D3 concentration,
the product of the first activation step (IOM, 2011; EFSA 2012) and the measurement of
circulating 25-hydroxy vitamin D3 concentration is used in clinical surveillance and surveys in the
general public.

The IOM (2011) considers persons with serum 25-hydroxy vitamin D3 level below 30 nmol/L as
deficient and above 50 nmol/L as sufficient. In a systematic review of the vitamin D status in
populations worldwide based on published literature, 37.3% of the studies reported 25-hydroxy
vitamin D3 levels below 50 nmol/L (Hilger et al., 2014).

An interesting population is the traditionally living tribes near the equator in Africa because they
get their vitamin D3 exclusively from sun like our ancestors. Bio-monitoring showed surprisingly
high circulating 25-hydroxy vitamin D3 concentrations.

Luxwolda et al. (2012a & 2012b) measured in members of these African tribes (Hadzabe,
Maasai, Sengerema, Same, and Ukerewe) the circulating concentration of 25-hydroxy vitamin
D3.

In their first investigation, adults from Maasai and Hadzabe tribes donated blood (as shown in
Table 7). The overall mean 25-hydroxy vitamin D concentration was 115 nmol/L with a range
between 58 and 171 nmol/L.

% |U = international Unit, 1 1U corresponds to 0.025 pg vitamin D3
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Table 7 Serum 25-hydroxy vitamin D concentrations (nmol/L) in Maasai and Hadzabe (taken from

Luxwolda et al., 2012b)

(Mean values, standard deviations and ranges)

Maasai (n 35) Hadzabe (n 25)

Mean sD Range Mean sD Range
Age (years) 34 10 17-65 35 12 16-57
Sex (% male) 43° 842
Weight (kg) 59 11-5 36—100 58 6-7 41-72
Height (m) 1.67* 0-08 1-49-1-85 1-62° 0-08 1-45-1-74
BMI (kg/m°) 20-9 3.7 15-4-33-5 222 2.2 17-1-26-8
25(0OH)D (nmol/) 119-0 26-0 58—-167 109-0 28 71-171
25(0H)D, (%)" nd nd-11.2 51 nd-23-4

nd, Mot detectable.
2" pean values with unlike superscript letters were significantly different (P < 0-05).
* Median percentage of 25(0H)D..

Further data of Luxwolda et al. (2012a) covered also pregnant women and infants. In total the
blood of 367 adults and 82 infants were investigated. In all groups, the concentration of 25-
hydroxy vitamin D3 was remarkably high (up to 262.4 nmol/L):

Table 8 Serum 25-hydroxy vitamin D concentrations (nmol/L) in Hadzabe, Maasai, Sengerema,
Same and Ukerewe tribe members (taken from Luxwolda et al., 2012a)

Mean +/- SD (n) range
nonpregnant adults 106.8 + 28.4 (88) 31.1-171.1
pregnant 138.5 + 35.0 (138) 45.6 - 262.4
mothers at delivery 135.9 + 31.8 (25) 87.2-195.7
Infants at delivery 90.6 £ 28.2 (25) 57.6-176.0

These tribes live like our ancestors and have their vitamin D from sun exposure. It is unlikely that
they take supplements. To conclude: Humans are used to high exposures of vitamin D3.

To estimate what amount of orally vitamin D3 intake would be necessary to achieve comparably
high serum 25-hydroxy vitamin D3 concentration, dose-response data which relate the oral
external supplemented dose to the systemic exposure (25-hydroxy vitamin D3 serum
concentration) are helpful:

Vitamin D3 at dose levels of 0, 25, 125, and 250 pg/d was given to healthy male volunteers for
up to 20 weeks (Heaney et al., 2003). At steady state, the 25-hydroxy vitamin D3 concentrations
were measured as shown in Figure 5. An oral dose of 250 pg/d results in a 25-hydroxy vitamin
D3 concentration of about 200 nmol/L; with 125 pg/day, approximately 150 nmol/L can be
achieved.
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Figure 5 Steady-state 25-hydroxy vitamin D concentrations (nmol/L) after 20 weeks of treatment
with 0, 25, 125, or 250 pg vitamin D3/d (taken from Figure 1 in Heaney et al., 2003): The
curves, from the lowest upward, are for 0, 25, 125, and 250 ug cholecalciferol (labeled
dose)/d. The horizontal dashed line reflects zero change from baseline.

A comparable result was obtained in a 1-year study, where volunteers were given vitamin D3 at
a dose of 4000 1U/d (100 pg/d). After 12 months the mean 25-hydroxy vitamin D3 concentration
was 67 ng/mL, equivalent to 167 nmol/L (Garret-Mayer et al., 2012).

In a placebo-controlled randomized trial, human volunteers were given vitamin D3 at the
following doses: 0, 1000, 2000, or 4000 1U/d (equivalent to 0, 25, 50, or 100 pg vitamin D3/d)
and the resulting 25-hydroxy vitamin D3 plasma concentration was measured (Ng et al., 2014).
With the highest supplementation level (100 pg/d) a median concentration of 115 nmol/L 25-
hydroxy vitamin D3 was achieved with a 25" percentile of 98 nmol/L and the 75" percentile of
138 nmol/L.

Thus, the mean measured serum concentrations in the sampled members of African tribes of 90-
120 nmol/L correspond to a daily oral dose of 100-125 g vitamin D3 per day. The upper ranges
(>170 nmol/L) of the measured concentrations correspond to oral doses above 100 pg/d up to
250 pg vitamin D3/day.

In the light of the existing safe Upper Level of 100 pg/d (EFSA 2012) and considering human
studies supplemented with doses of 100 ug/d or above (e.g. Ng et al., 2014, Heaney et al., 2003;
Garret-Mayer et al., 2012 and others), it seems appropriate to conclude that exposure to vitamin
D3 is well above 27.5 pg/d which the CLH report considers to be the higher end of the dose
range being not associated with cancer. Natural Vitamin D3 production from sun exposure is
equivalent to oral doses of around 100 up to 250 pg/d.

2.4.2. Epidemiological data

Recent reviews on the topic of anti-carcinogenicity of vitamin D supplementation should be
considered as well (Feldman et al., 2014; Bikle, 2014). The authors summarize evidence of anti-
carcinogenic activity derived from in vitro experiments, in vivo animal models, and epidemiology
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studies. In vitro, Vitamin D° exerts anti-proliferative effects, induces apoptosis, stimulates
differentiation, has anti-inflammatory effects, inhibits invasion and metastasis, and inhibits
angiogenesis. In animal models of breast, colon, and prostate cancers consisting of xenografts
of human cancers, chemical induced or carcinogen induced cancers, and genetically engineered
cancer models, vitamin D showed anticancer activity. Finally, the available human trials
suggested a statistically significant benefit of vitamin D in reducing mortality due to cancer.

Bjelakovic et al. (2014) assessed the beneficial and harmful effects of vitamin D supplementation
for prevention of cancer in adults based on randomized trials that compared vitamin D at any
dose, duration, and route of administration versus placebo or no intervention in adults. Cancer
occurrence was observed in 1918/24,908 (7.7%) recipients of vitamin D3 versus 1933/24,983
(7.7%) in recipients of control. Thus, there was no indication of an increase in tumor formation in
vitamin D3 supplemented persons as compared to non-supplemented groups.

An interesting human study is the investigation done by Marshall et al. (2012). In this study
vitamin D3 supplementation at 4000 1U/d (100 upg/d) was given for 1 year to patients with a
diagnosis of low-risk prostate cancer. No adverse events were associated with vitamin D3
supplementation. 55% of the patients showed a benefit by means of a reduced number of
positive biopsy cores or a decrease in Gleason score of the cancer-containing biopsies.
Historical controls were statistically more likely to show progression (Feldman et al., 2014).

Fedirko et al. (2014) investigated the association between the risk of hepatocellular carcinoma in
European populations and pre-diagnostic circulating serum 25-hydroxy vitamin D3 levels. In this
prospective, nested case-control study among 52,000 participants higher 25-hydroxy vitamin D3
levels (equal and above 75 nmol/L, a concentration which is achieved with approximately 50-
100 pg/d considering the data from Heaney et al., 2003 or Ng et al., 2014) were associated with
a 49% reduction in the risk of hepatocellular carcinoma.

In conclusion, the data show the availability of epidemiological studies without association to
cancer at dose levels above 27.5 pg vitamin D3/d.

® Note: vitamin D is the sum of several vitamin D forms and covers vitamin D3, vitamin D2 as well as
metabolites of both substances
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3. Reproductive toxicity

DSM agrees to the conclusion of non-classification provided in the CLH report with respect to
this endpoint. There is even more human data on preghancy outcomes upon supplementation
with vitamin D3 which supports the non-classification:

e |n adouble-blind trial, pregnant Iranian women were safely supplemented with 100’000
IU/month (2500 pg vitamin D3/month, Sabet et al., 2012).

o Likewise, no adverse effects were seen in three randomized controlled trials in pregnant women
with treatment up to 4000 IU/day (100 pg vitamin D3/day, Dawodu et al., 2013, Hollis et al.,
2011, and Wagner et al., 2013).

e Supplementation of breast feeding mothers with up to 6400 IU/day (160 ug vitamin D3/day)
showed no indication of adverse effects in the mothers as well as their infants (Wagner et al.,
2006)
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