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FOREWORD

This opinion is one in the series of opinions of the SCF on the upper levels of vitamins and minerals.
The terms of reference given by the European Commission for this task, the related background and the
guidelines used by the Committee to develop tolerable upper intake levels for vitamins and minerals used
in this opinion, which were expressed by the SCF on 19 October 2000, are available on the Internet at the
pages of the SCF, at the address: http://www.europa.eu.int/comm/food/fs/sc/scf/index_en.html.

1. INTRODUCTION

Vitamin B, or Thiamine, formerly known as Aneurine, is 3-(4-amino-2-methylpyrimidin-5-ylmethyl)-
5-(2-hydroxyethyl)-4-methylthiazolium. The free vitamin is a base. It is isolated and synthesized and
used in food supplements and in food fortifications as a solid thiazolium salt in the form of thiamine
hydrochloride or thiamine mononitrate. The molecular weight of thiamine hydrochloride is 337.29 g per
mol. It is soluble in water and stable to heat below pH 5.0 and destroyed rapidly at pH 7.0 or above by
boiling. Thiamine forms esters at the hydroxyethyl side chain with various acids. The most important
ones are Thiamine monophosphate (TMP), Thiamine pyrophosphate (TPP) and Thiamine triphosphate
(TTP) (McCormick, 1988).

2. NUTRITIONAL BACKGROUND AND METABOLISM

Vitamin B, was the first vitamin identified in 1926 by Jansen and Donath working on the antiberiberi
factor from rice bran extracts. Lack of vitamin B, causes the deficiency disease Beriberi already known
in Chinese antiquity. Nowadays in the Western world the vitamin B, deficiency is mainly found as a
consequence of extreme alcoholism and known as Wernicke-Korsakoff syndrome. It is for this reason
that thiamine has become the only regularly administered parenteral vitamin supplement in hospital
emergency departments.

Vitamin B, mainly acts in a-ketoacid decarboxylation (e.g. pyruvate, a-ketoglutarate and branched-
chain a-ketoacid acids), in transketolation (e.g. among hexose and pentose phosphates), and possibly
in nerve conduction.

Ingested thiamine is well absorbed. It involves two mechanisms; the first is an active rate-limited jejunal
uptake mechanism (Thomson et al, 1972). When the active transport is saturated, at an intestinal
concentration greater than 3 umol.I!, there is passive uptake. However, above an oral intake of 5
mg vitamin B, absorption rapidly declines (Friedeman et al, 1948). In a study of Davis et al (1984)
with healthy volunteers vitamin B, plasma levels rose only marginally (42%) compared to folate and
pyridoxine (>1500%), while the vitamin was actively excreted in the urine for up to six hours following
an oral test dose of 10 mg. Vitamin B, is phosphorylated when it crosses the intestinal epithelium, but
enters the blood principally as free vitamin B, and diffuses down a concentration gradient in the liver,
heart, kidneys, and brain. In the blood vitamin B, is distributed between the plasma (10%) and cells
(90%). The physiological whole blood concentration of the phosphate ester is 20 to 75 ug.I"". It is poorly
stored and it is eliminated mainly in the urine either unchanged or as several (about 20) metabolites
(Ariaey-Nejad et al, 1970). Raising the serum level of the vitamin results in active urinary excretion on
the basis of the creatinine clearance (mean thiamine/creatinine/ renal clearance ratio of 2.4). After an
oral dose of vitamin B,, peak excretion occurs in about 2 hours and is nearly complete after 4 hours
(Levy and Hewitt, 1971), as was already described in the early ninety-forties (Najjar and Holt, 1940;
McAlpine and Hills, 1941).

Based on these observations, it is concluded that the plasma concentration of vitamin B, is tightly
controlled. This is partly explained by Thom (1983), who reported that 20-30% of plasma vitamin B,
is protein bound, all of which appeared to be as pyrophosphate. All unbound vitamin B, is rapidly
dephosphorylated to facilitate excretion of an excess of the vitamin.

Vitamin B, metabolism is especially sensitive to excess alcohol consumption since the absorption of
vitamin B, is decreased and its excretion is increased by alcohol. Alcohol also inhibits the activation of
vitamin B, to its co-enzyme form Thiamine Pyrophosphate ester (TPP) (McCormick, 1988).
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A vitamin B, kinetic study has been performed by Royer-Morrot et al (1992) using pharmacological doses
intramuscular or orally. Comparison of 250 mg p.o. every 12 hours versus 500 mg i.m. once a day for
11 days resulted in a steady state plasma vitamin B, concentration after 7 and 5.6 days, respectively.
The mean elimination half-life value was calculated to be approximately 1.8 days. Biological half-life of
the vitamin is probably in the range of 9 to 18 days (Ariaey-Nejad et al, 1970). Total vitamin B, content
of the adult human has been estimated to be approximately 30 mg (McCormick, 1988).

Animal experiments have shown that the rate of vitamin B, utilisation depends on the amount of
carbohydrate metabolised. Because the principal metabolic role is in energy-yielding metabolism the
requirement is related to energy intake. Increased physical activity, pregnancy and lactation increase
vitamin B, requirements because of greater energy need; but when expressed per MdJ the requirement
is constant, and this relationship does not vary in such circumstances or with age. Based on this
evidence the population recommended intake (PRI) is set at 100 ug per MJ leading to average daily
requirements of around 1.0 to 1.2 mg per day (SCF, 1993). For people with energy intakes of less than
8 MJ per day, a minimal vitamin B, intake of 0.8 mg per day is suggested.

Vitamin B, is found in a large variety of animal and vegetable products but at a relatively low level (<0.5
mg/100 g). Important sources of vitamin B, are lean pork, legumes and cereal grains (germ fraction).
The Nutriscan EC food and nutrition intake study revealed mean daily intake levels of vitamin B, on an
EC average of 1.2 mg per day for women, ranging from 1.0 mg per day (NL) to 1.8 mg per day (Portugal)
(SCF, 1993). With these figures in this low energy intake group, vitamin B, intake is generally considered
as adequate in relation to physiological needs.

Biochemical changes in vitamin B, status occur well before the appearance of overt signs of deficiency.
A number of sensitive tests have been developed to evaluate the vitamin B, status mostly based
on the activity of enzymes with vitamin B, as co-enzyme. Erythrocyte transketolase activity (ETK-
activity) and the in vivo stimulation of ETK-activity with thiamine phosphate (a-ETK) are reasonable
indicators of marginal deficiency (1.20-1.25, 15-24%, respectively) and deficiency (>1.25, >25%,
respectively) (Schrijver, 1991; Brin, 1980). Furthermore measurement of vitamin B, concentration and
its phosphorylated esters in blood and urinary excretion under basal conditions is used.

HAZARD IDENTIFICATION
Evidence of adverse effects in humans

Orally ingested vitamin B, has a long history of use as an oral supplement without reported adverse effects.
Due to its therapeutic action in some frequently observed clinical syndromes, thiamine hydrochoride has
been advised and used over a long period of time. There are no reports of adverse effects of oral thiamine,
even at dosages of several hundred milligrams a day (SCOGS, 1978; DHEW, 1979; Marks, 1989).

Rare cases of allergic sensitivity are documented mostly in the ninety-forties and have occurred solely in
patients who received repeated vitamin B, by parenteral route (Tetreault and Beek, 1956). A systematic
toxicity study by Wrenn et al (1989) on the parenteral use of thiamine at a dose of 100 mg in 989
patients resulted in 0.1% major reactions such as general pruritus. All the reported clinical symptoms
suggest an anaphylactic reaction to the vitamin B, injection. Symptoms listed include anxiety, pruritus,
nausea, respiratory distress, shock and in rare cases death (RDA Committee, 1998). Parenteral doses
greater than 400 mg of vitamin B, cause nausea, anorexia, lethargy, mild ataxia and a diminution of
gut tone (McCormick, 1988). More recent high level studies argue for inherently low toxicity of vitamin
B, supplementation intravenously and especially orally. Royer-Morrot et al (1992) injected 500 mg daily
intra-muscularly and reported one case of pruritus disappearing after 6 days of injection. Oral intake
of two times 250 mg daily for 11 days did not reveal any adverse effects. Oral doses of 500 mg taken
daily for a month did not lead to any adverse effects (Hawk et al, 1954).

Of interest is a study about vitamin intake in professional cyclists (Saris et al, 1989). This group is well
known for their continuous massive intake of vitamins over years. Based on detailed questionnaires
and product information, extra intake of vitamin B, was calculated to be 30 mg per day orally and 10
mg i.m. Plasma vitamin B, values were 237 nmol.I"" (reference value 95-138 nmol.I") a-ETK was 1.02
(reference value 1.05-1.20). No adverse effects were reported.

A Medline search from 1966 on did not reveal any report on adverse effects after oral intake of vitamin B,.
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3.2.

Toxicological data in animals

Lang (1979) reported that in all types of animal tests in his institute with extreme high oral doses of vitamin
B,, they never succeeded to detect any harmful effect. This was also the case under stress-related
conditions such as iron deficiency or protein deficiency and using fifty times the normal daily doses of
vitamin B,. Only in one experiment with high vitamin B, intake and extreme low intake of protein and other
B vitamins, effects were noticed probably caused by the unbalanced diet (Lang, 1979).

Bitsch (1997) reviewed the toxicity of vitamin B, given orally, and by intravenous or intraperitoneal
injection and concluded that it is extremely safe. The tabulated LD, levels in mice for thiamine
hydrochloride were 0.07-0.125 g/kg bw intravenous, 0.317-0.500 g/kg bw intraperitoneal and 3-15
g/kg bw orally. Lang (1979) quoted an oral LD, of vitamin B, of 3.0 g/kg bw for mice based on earlier
studies of Hecht and Weese (1937). Symptoms by i.v. injections are hypotonia due to vasodilatation,
bradycardia and respiratory arrhythmia leading to general neuromuscular inhibition. Death is caused
by depression of the respiratory centre (Haley, 1948). The lethal i.v. dose in g/kg bw is for mice 0.125;
rats 0.25; rabbits 0.30; and dogs 0.35 (McCormick, 1988). In monkeys up to 0.60 g/kg bw was required
to produce toxic symptoms (Gubler, 1991). Similar pharmacological effects in humans are found only
with parenterally administered doses hundreds of times larger than that required for optimal nutrition
(Campbell et al, 1980). Rats have been maintained for three generations on oral doses of 0.08 to 1.0 mg/
kg bw vitamin B, without any harmful effects (Williams and Spies, 1938). This is about 50 to 100 times the
daily requirement. Gubler (1991) concluded that the margin between potential intake and levels of acute
toxicity is at least 600 or more.

DOSE-RESPONSE ASSESSMENT AND DERIVATION OF A TOLERABLE
UPPER INTAKE LEVEL (UL)

Due to the lack of systematic oral dose-response intake studies as well as the extreme low toxicity no
LOAEL and NOAEL can be established.

CHARACTERISATION OF RISK

Since systematic data on adverse effects with oral intake of vitamin B, in human are very limited, an
exposure assessment as given by the RDA (1998) can be of help. From the NHANES Ill data in the
US, the highest mean intake of vitamin B, from food and supplements for any life-stage and gender
group reported for males aged 31 through 50 years was 6.7 mg/day, the highest reported intake at 95"
percentile was 11.0 mg/day for females aged 51 years and older. In table 1 intake data from a number
of EU countries are given.

Table 1. Mean and high percentile vitamin B1 intake (mg/day) from food and supplements in
some EU countries

Country Type of survey ] Method Supplements* Mean 97.5%
Italy? household 2734 7-day weighed + 1.10 1.90
Netherlands® household 5958 2-day record - 1.23 2.87
Austria® individual 2488 24 h recall - 1.36 3.55
Germany® individual (M) 4974 7-day record - 1.40 2.63
Y individual (F) 5304 7-day record - 1.10 2.11

Ireland® individual (M) 662 7-day record + 2.28 4.65
individual (F) 717 7-day record + 2.13 6.35

UK individual (M) 1087 7-day weighed + 2.01 3.29
individual (F) 1110 7-day weighed + 1.26 3.09

* + data included supplements; - data excluded supplements.
2 Turrini (INRAN) ° Hulshof and Kruizinga (1999)

¢ Elmadfa et al (1998) ¢ Adolf et al (1995)

¢ I[UNA (2001) f Gregory et al (1990)

The highest reported mean intake in the EU is 2.28 mg/day with a reported highest intake at 97.5
percentile of 6.35 mg/day. Both are considerably lower than the reported US values.
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From the available literature it can be concluded that vitamin B, orally ingested has a very low risk of
adverse effects. This is related to the fact that with intake levels higher than 5 mg absorption rapidly
declines and absorbed vitamin B, is actively excreted in the urine. Therefore no adverse effects of orally
ingested doses of vitamin B, have been reported despite the fact that relatively high doses of vitamin
B, up to 50-200 mg daily have been used therapeutically over long periods of time (months) as well as
the widely available supplements providing intakes up to 50 mg/day without prescription.

Based on parenteral use of vitamin B,, reports show rare cases of adverse events at levels from 100 to 300
mg i.v. and more frequently at higher doses up to 500 mg i.v. daily.

A Canadian evaluation of micronutrient safety classified vitamin B, as a nutrient with no known adverse
effects (Program on Food Safety, 1996). The Dutch Nutrition Council reported 500 mg as an upper safe
limit (Nutrition Council RDA, 1989) as did the US RDA Committee in 1989. However in the latest report
of the US Food and Nutrition Board (1998) no UL could be derived based on the inadequate data. The
SCF (1993) mentioned no evidence of toxicity at oral intakes up to 500 mg/day (for 1 month).

Based on the presented evidence, the Committee comes to the conclusion that it is not possible to
derive a numerical UL for vitamin B,. However existing evidence that is available from clinical studies as
well as the long history of therapeutic use, indicates that current levels of intake from vitamin B, from
all sources do not represent a health risk for the general population.
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