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forms Because

(see Chemistry).
thiamin has a high turnover rate (10-
20 days) and is not appreciably

stored in the body (approx. 1
mg/day is used up in tissues), a daily
supply is required. The limited stores
may be depleted within two weeks
or less on a thiamin-free diet, with
clinical signs of deficiency beginning
shortly after. Regular intake of
vitamin By is therefore critical. The
heart, kidney, liver and brain have
the highest concentrations, followed
by the leukocytes and red blood
cells.

Measurement

The standard way to assess thiamin
status used to be to determine
erythrocyte transketolase (a-ETK)
activity both with and without stimu-
lation of this enzyme by the addition
of TDP cofactor. Technical difficulties
led to an increasing use of direct
determination of TDP in whole
blood, e.g. by HPLC (High Perfor-
mance Liquid Chromatography), in
order to assess thiamin status. The
HPLC assay is more robust and
easier to perform. Thiamin status
determined by this method is
considered to be in good correlation
with results from transketolase
activation assays. Usually, whole
blood concentrations are found to
be between 66.5 and 200 nmol/L.

Typical serum level <75 nmol/L

Stability

Vitamin By is unstable when exposed
to heat, alkali, oxygen and radiation.
Water solubility is also a factor in the
loss of thiamin from foods. About
25% of the thiamin in food is
) lost during the normal cooking
process. Considerable
amounts may be lost in thaw drip
from frozen meats or in the water used
to cook meats and vegetables. To pre-
serve thiamin, foods should be
cooked in a covered pan for the short-
est time possible and should not be
soaked in water or heated for too
long. Juices and cooking water should
be re-used in stews and sauces.

Interactions

Positive interactions

The presence of other B-vitamins,
such as vitamins Bg, By,, niacin and
pantothenic acid, supports the
action of thiamin. Antioxidant
vitamins, such as vitamins E and C,
protect thiamin

by preventing its

appetite, or which increase intestinal
function or urinary excretion, decrease
the availability of thiamin. Poisoning
from arsenic or other heavy metals
produces the neurological symptoms
of thiamin deficiency. These metals act
by blocking a crucial metabolic step
involving thiamin in its coenzyme form.

Deficiency

Marginal thiamin deficiency may
manifest itself in such vague symp-
toms as fatigue, insomnia, irritability
and lack of concentration, anorexia,
abdominal discomfort, constipation
and loss of appetite. When there is
not enough thiamin, the overall
decrease in carbohydrate meta-
bolism and its interconnection with
amino acid metabolism has severe
consequences. The two principal
thiamin deficiency diseases are
“beriberi” and “Wernicke-Korsakoff
syndrome”.

Beriberi, which translated into
English means “l can't, | can't”,
manifests itself
primarily in disor-

oxidation to an
inactive form.

Negative interac-
tions

A number of
foods, such as
coffee, tea, betel
nuts (Southeast
Asia) and also
some cereals may
act as antagonists
to thiamin.
Chlorogenic acid
and other plant

polyphenols may be responsible for
this anti-thiaminic effect.

“A certain very troublesome
affliction, which attacks men,

is called by the inhabitants
Beriberi (which means sheep).

| believe those, whom this same
disease attacks, with their knees
shaking and legs raised up, walk
like sheep. It is a kind of paraly-
sis, or rather Tremor: for it pene-
trates the motion and sensation
of the hands and feet indeed
sometimes the whole body...”
Jacobus Bonitus, Java, 1630

rice and other
It is also

ders of the nerv-
ous and cardio-
vascular systems.
Unfortunately this
serious disease is
still common in
parts of south-
east Asia, where
polished rice is a
staple food and
thiamin  enrich-
ment  programs
are not fully in
place. Many other
countries fortify
cereal grains to

replace the nutrients lost in process-

known that some tropical fish and
African silkworms, both traditionally
consumed raw in some countries,
contain enzymes called “thiaminases”
that break down vitamin B4. Drugs
that cause nausea and lack of

ing.
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The disease exists in three forms:

e dry beriberi, a polyneuropathy with
severe muscle wasting

e wet beriberi, which in addition to
neurologic symptoms is charac-
terised by cardiovascular manifes-
tations, edema and ultimately
heart failure

e infantile beriberi, which occurs in
breast-fed infants whose nursing
mothers are deficient in thiamin.
Symptoms of vomiting, convul-
sions, abdominal distention and
anorexia appear quite suddenly
and may be followed by death
from heart failure.

The “Wernicke-Korsakoff syndrome”
(cerebral beriberi) is the thiamin defi-
ciency disease seen most often in
the Western world. It is frequently
associated with chronic alcoholism
in conjunction with limited food
consumption. Symptoms include
confusion, paralysis of eye motor
nerves, abnormal oscillation of the
eyes, psychosis, confabulation, and
impaired retentive memory and
cognitive function. The syndrome is
also seen occasionally in people
who fast, have chronic vomiting
(hook worm) or have gross malnutri-
tion due to e.g., AIDS or stomach
cancer. If treatment of amnesic
symptoms is delayed, the memory
may be permanently impaired.
Recent evidence suggests that
oxidative stress plays an important
role in the neurologic pathology of
thiamin deficiency.

The development of vitamin B;
deficiency can be caused by:

e Alcoholic disease

® |nadequate storage and prepa-
ration of food

e Increased demand due to preg-
nancy and lactation, heavy
physical exertion, fever and
stress, or adolescent growth

® I[nadequate nutrition

— high carbohydrate intake
(e.g., milled or polished rice,
sweeties)

— regular heavy consumption of
tea and coffee (Tannin =
antithiamin)

- foods such as raw fish or
betel nuts (thiaminases)

e Certain diseases (dysentery,
diarrhea, cancer, nausea/vomit-
ing, liver diseases, Infections,
malaria, AIDS, hyperthyroidism).

e certain drugs (birth-control pills,
neuroleptica, some cancer
drugs)

e L ong-term parenteral nutrition
(e.g. highly concentrated dex-
trose infusions)

Disease
prevention and
therapeutic use

Thiamin is specific in the prevention
and treatment of beriberi and other
manifestations of vitamin By defi-
ciency (e.g. Wernicke-Korsakoff,
peripheral neuritis). The dosage
range is from 100 mg daily in mild
deficiency states to 200-300 mg in
severe cases. Thiamin administra-
tion is often beneficial in neuritis
accompanied by excessive alcohol
consumption or pregnancy. With
alcoholic and diabetic polyneu-
ropathies, the therapeutic dose is
most often in the range of 10-100
mg/daily. When alcoholism has led
to delirium tremens, large doses of
vitamin By, together with other vita-
mins should be given by slow injec-
tion. Large doses of thiamin (100-
600 mg daily) have been advocated
in the treatment of such diverse con-
ditions as lumbago, sciatica, trigem-
inal neuritis, facial paralysis and
optic  neuritis. However, the
response to such treatment has
been variable.

Current recommendations in the USA

RDA*

Infants < 6 months
Infants 7-12 months
Children 1-3 years
Children 4-8 years
Children 9-13 years
Males > 14 years
Females 14-18 years
Females > 19 years
Pregnancy

Lactation

0.2mg (Adequate Intake, Al)
0.3mg (Al

0.5mg

0.6mg

0.9mg

1.2mg

1.0mg

1.1mg

1.4mg

1.4mg

*The Dietary Reference Intakes (DRIs) are actually
a set of four reference values: Estimated Average
Requirements (EAR), Recommended Dietary
Allowances (RDA), Adequate Intakes (Al), and
Tolerable Upper Intake Levels, (UL) that have
replaced the 1989 Recommended Dietary

Allowances (RDAs). The RDA was established as
a nutritional norm for planning and assessing
dietary intake, and represents intake levels of
essential nutrients considered to meet adequately
the known needs of practically all healthy people
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Recommended
Dietary Allowance
(RDA)

Because thiamin facilitates energy
utilisation, requirements are tied to
energy intake, which can be very
much dependent on activity levels.
For adults, the RDA is 0.5 mg per
1000 kcal, which amounts to a
range of 1.0-1.1 mg per day for
women and 1.2-1.5 mg for men,
based on an average caloric intake.
An additional 0.4-0.5 mg per day are
recommended during pregnancy
and lactation. Children's needs are
lower: 0.3-0.4 mg/day (infants) and
0.7-1.0 mg/day (children), depend-
ing on the age and caloric intake of
the child.

Safety

Thiamin has been found to be well
tolerated in healthy people, even at
very high oral doses (up to 200
mg/day). Due to its very broad
safety margin for oral administration
and long history of safe use, none of
the official regulatory authorities has
defined a safe upper limit for this
vitamin. The only reaction found in
humans is of the hypersensitivity
type. In the vast majority of cases
these have occurred after injection
of thiamin in patients with a history

of allergic reactions. For parenteral
administration, the doses that
produced these reactions varied
from 5 to 100 mg, though most of
them occurred at the higher end of
this range.

Supplements and
food fortification

Thiamin is mostly formulated in
combination with other B-vitamins
(B-complex) or included in multi-
vitamin supplements. Fortification of
white flour, cereals, pasta, bever-
ages and rice began in the United
States during the second World War
(1939-1945), with other countries
quickly following suit. Fortification of
staple foods has virtually eradicated
the B-vitamin deficiency diseases in
developed nations.

Industrial
production

Chemical synthesis of thiamin is a
complicated process, involving
some 15-17  different  steps.
Although commercial production of
thiamin was first accomplished in
1937, the production did not
develop on a broad scale until the
1950s, when demand rose sharply
because of food fortification.




History

7th cent.

1882

1897

1912

1915

1926

1927

1936

1937

1943

1943

First classical description of beriberi in a 'General Treatise on the
Etiology and Symptoms of Diseases' (author: Ch'ao-Yuan-fang
Wu Ching).

Takaki, surgeon general, dramatically decreases the incidence of
beriberi in the Japanese navy by improving sailors’ diets.

Dutch medical officers Eijkman and Grijns show that the symp-
toms of beriberi can be reproduced in chickens fed on polished
rice, and that these symptoms can be prevented or cured by
feeding them rice bran.

Funk isolates the antiberiberi factor from rice bran extracts and
calls it a 'vitamine' - an amine essential for life. The name finds
ready acceptance and helps to focus attention on the new con-
cept of deficiency diseases.

McCollum and Davis propose water-soluble vitamin By as
antiberiberi factor

Jansen and Donath isolate antiberiberi factor from rice bran.

The British Medical Research Council proposes vitamin By as
anti- beriberi factor.

Williams, who first began experimenting with vitamin B4 and
beriberi in Manila around 1910, identifies and publishes the
chemical formula and names it thiamin.

The first commercial production of thiamin is accomplished.

Williams and coworkers, and Foltz and colleagues carry out
dietary studies that document widespread thiamin deficiency in
the United States.

Standards of identity for enriched flour are created by the US
Food and Nutrition Board, requiring that thiamin, niacin,
riboflavin and iron be added to white flour.
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