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Abstract

Thiamine (vitamin B|) was the first B vitamin to have been identified. It serves as a cofactor for several enzymes involved in energy
metabolism. The thiamine-dependent enzymes are important for the biosynthesis of neurotransmitters and for the production of
reducing substances used in oxidant stress defenses, as well as for the synthesis of pentoses used as nucleic acid precursors.
Thiamine plays a central role in cerebral metabolism. Its deficiency results in dry beriberi, a peripheral neuropathy, wet beriberi, a car-
diomyopathy with edema and lactic acidosis, and Wernicke—Korsakoff syndrome, whose manifestations consist of nystagmus,
ophthalmoplegia, and ataxia evolving into confusion, retrograde amnesia, cognitive impairment, and confabulation. Patients on
a strict thiamine-deficient diet display a state of severe depletion within |18 days. The most common cause of thiamine deficiency
in affluent countries is either alcoholism or malnutrition in nonalcoholic patients. Treatment by thiamine supplementation is beneficial

for diagnostic and therapeutic purposes.
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Vitamins are essential organic molecules that function as
cofactors for enzymatic reactions. They generally cannot be
synthesized by mammalian cells and, therefore, must be supplied
in the diet. Vitamin B, is also known as thiamine, thiamin, and
aneurine. Thiamine is the currently accepted name for vitamin
B, in the United States. The chemical name for this water-
soluble vitamin is 3-[(4-amino-2-methyl-5-pyrimidinyl)methyl]-
5-(2-hydroxyethyl)-4-methylthiazolium. Thiamine consists of a
pyrimidine ring and a thiazole ring, which are coupled by
a methylene bridge (Figure 1).

Thiamine was the first B vitamin to have been identified,
thus its designation B;. The disease beriberi (which means
“sheep’”) was first described by Jacobus Bonitus, a Dutch phy-
sician, in Java, in 1630. He described patients “with their knees
shaking and legs raised up, walk like sheep. It is a kind of
paralysis, or rather tremor . ..”" The first insight into the real
cause of beriberi came in the 1880s in the Japanese Navy, when
a correlation between the sailors’ diet and beriberi was noted.
After changing their diet, the incidence of beriberi dropped
from 40% to 0% in 6 years." Despite this compelling connec-
tion, most of the medical community continued to believe that
beriberi was the result of a microbial infection or a toxin pro-
duced by a microorganism.> In 1886, after months of search-
ing for a toxic or microbial link to beriberi, a Dutch medical
officer, Dr Christian Eijkman, noticed that some chickens
walking freely outside his laboratory were inflicted with a
beriberi-like aliment.” He discovered that chickens fed with

white (polished or milled) rice developed polyneuritis, whereas
red (partially polished) rice, unhusked rice (padi) and rice hulls
prevented and even cured the disease. It was not until 1911 thata
young chemist in London, Dr Casimir Funk, crystallized an
amine substance from rice bran.® He was convinced that this was
the anti-beriberi factor and dubbed it “vitamine” for “vital
amine.” In 1926, vitamin B, was finally isolated from rice bran
by Jansen and Donath and named aneurine.'® Unfortunately,
those investigators missed the sulfur atom, and their published
incorrect formula for aneurine caused confusion for several
years. In 1936, Williams and Cline'' published the first correct
formula and synthesis for the vitamin. The American Medical
Association did not accept any of the names by which it had been
known until then, and Williams came up with a new name,
“thiamin.”'? To reflect the vitamin’s amine nature, the
American Chemical Society added an “e,” and “thiamine”
is now the accepted term.'?

The thiamine-deficiency condition, beriberi, was considered
a disease of the peripheral nervous system, heart, and muscles
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Figure |. Thiamine is derived from a substituted pyrimidine and a
thiazole, which are coupled by a methylene bridge
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Figure 2. Thiamine pyrophosphate (TPP), the active form of thiamine.
The hydroxyl group of thiamine is replaced by a diphosphate ester
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until the mid-1930s when it was realized that Wernicke’s
encephalopathy was actually the acute cerebral manifestation
of severe thiamine deficiency.'*'> Beriberi remains a major
problem in underdeveloped countries worldwide, and
Wernicke—Korsakoff syndrome is a common consequence of
alcoholism in the developed world.'®

Biochemical Function of Thiamine

Thiamine occurs in the human body as free thiamine and as
various phosphorylated forms: thiamine monophosphate, thia-
mine triphosphate, and thiamine pyrophosphate, which is also
known as thiamine diphosphate. The hydroxyl group of thia-
mine in thiamine pyrophosphate is replaced by a diphosphate
ester group (Figure 2). Thiamine pyrophosphate is the active
form of thiamine and it serves as a cofactor for several enzymes
involved in energy metabolism. These enzymes include the
mitochondrial pyruvate dehydrogenase, the o-ketoglutarate
dehydrogenase complexes, and the cytosolic transketolase, all
of which participate in carbohydrate catabolism and all of
which show reduced activity during thiamine deficiency
(Figure 3). Pyruvate dehydrogenase complex is a key enzyme
in the Krebs cycle that catalyzes the oxidative decarboxylation
of pyruvate to form acetyl-coenzyme A (acetyl-CoA), which
enters into the Krebs (citric acid or tricarboxylic acid) cycle.
The rate-limiting Krebs cycle enzyme, o-ketoglutarate
dehydrogenase, catalyzes the oxidative decarboxylation of
a-ketoglutarate to succinyl-CoA. Transketolase functions in the
pentose phosphate pathway, an alternate pathway for glucose
oxidation. Deficiency of thiamine leads to a reduction in the
activity of these enzymes, which is different for the different
enzymes, and shows a strong cell-type dependency.!” These
reductions have been demonstrated using cultured cells, experi-
mental models of thiamine deficiency in rats, and autopsied
human tissues.'"!

Decreases in pyruvate dehydrogenase and a-ketoglutarate
dehydrogenase activity result in failure of adenosine tripho-
sphate (ATP) synthesis and selective decreases in ATP levels

within brain regions leading to cell death.*? The reduced pyru-
vate entry into the Krebs cycle results in increased lactic acid
concentrations within the brain and an associated acidosis®~*
localized to damaged regions.*® The alterations in oxidative meta-
bolism account for the mitochondrial damage observed both in rat
cerebellar granule cells and mouse hippocampal neurons, as well
as in cultured cells deprived of thiamine.>**® Substantial cell
death was attributed to necrosis due to compromised
mitochondrial function and acidosis*®*” and to apoptosis.*® Fail-
ure of the production of acetyl-CoA results in failure in the synth-
esis of acetylcholine, an essential neurotransmitter in the nervous
system.>%!

Loss of a-ketoglutarate dehydrogenase activity is thought to
account for alterations in the intracellular and extracellular
levels of several neurotransmitters, including y-aminobutyric
acid (GABA), glutamate, and aspartate, during thiamine defi-
ciency.*** These and other findings have suggested that
N-methyl-p-aspartate (NMDA) receptor—mediated excitotoxicity
could play a role in thiamine deficiency—induced neuronal loss.*®

Transketolase participates in the pentose phosphate path-
way, a pathway that produces reducing substances, such as
reduced nicotinamide adenine dinucleotide phosphate
(NADPH), for various cellular biosynthetic reactions, includ-
ing for lipids, and for removal of oxygen radicals. Transketo-
lase is critical for maintenance of the cellular redox state,>’
thus thiamine deficiency results in the production of oxidative
stress.®® The pentose phosphate pathway produces riboses for
use in the synthesis of nucleotides, nucleic acids, coenzymes,
and polysaccharides, thus a lack of thiamine results in defective
ribonucleic acid (RNA) ribose synthesis.>”

Thiamine pyrophosphate is also a coenzyme for the enzyme
branched-chain keto-acid dehydrogenase complex that cata-
lyzes the oxidative decarboxylation of branched-chain a-keto
acids derived from branched amino acids (eg, valine, isoleu-
cine, leucine) and is responsible for maple syrup urine disease.
Thus, thiamine deficiency has a major influence on the activi-
ties of this enzyme.*’

All known thiamine pyrophosphate—dependent enzymes also
require a divalent cation, commonly magnesium (Mg>") that
serves as a “coactivator” of the apoenzyme.*' Mg®" is often
depleted with chronic alcohol consumption,*? which explains the
recognized refractoriness to thiamine treatment alone of hypo-
magnesemic alcoholics with Wernicke’s encephalopathy.****

The Effect of Thiamine Function on the
Nervous System

Thiamine plays a central role in cerebral metabolism. The brain
uses glucose as a primary fuel for energy generation. Glucose
enters the brain by diffusion across the blood—brain barrier.*’
About 30% of the glucose absorbed by the brain undergoes a
complete oxidation through the Krebs cycle.*® The 3 thiamine-
dependent enzymes that are essential for the cerebral metabolism
of glucose use thiamine pyrophosphate as cofactor, accounting
for 80% of the total thiamine present in nervous tissues.*” It is
found in both the central and peripheral nervous systems.
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Figure 3. The 3 thiamine-dependent enzymes, transketolase, pyruvate dehydrogenase, and o-ketoglutarate dehydrogenase, and their role in

the pathogenesis of cell death in thiamine deficiency

Over and above its coenzymatic function in metabolism,
thiamine also has a structural role.*®*’ It is involved in
membrane structure and function, including axoplasmic,
mitochondrial, and synaptosomal membranes, acts against
agent-induced cytotoxicity, and fixes membrane sites.’*>! Tt
intervenes in synaptic transmission and plays a role in cellular
differentiation, synapse formation, axonal growth, and myeli-
nogenesis.”*>® Thiamine-deficient rats displayed abnormal
performance of a learning task®’ and functional disturbances
in conduction velocities were demonstrated in their central and
peripheral nervous systems.” 8

Vitamins regulate brain development during fetal and early
postnatal life, a fact that makes the brain particularly vulnera-
ble to nutritional deficiencies.’®®® The results of studies in rat
models indicate that maternal thiamine deficiency can indeed
cause significant deficits in the spinal cord, brain enzymes,
myelinogenesis, and lipogenesis,”®®'"** and there is evidence
of thiamine involvement in specific brain regions.®*** Deficits
have also been reported in psychomotor and sensory abilities of
murine pups.®®®” The storage of thiamine in the human body is
minimal, and subjective symptoms appear in adults after 2 to
3 weeks of a thiamine-deficient diet."®

Bioavailability of Thiamine

Thiamine uptake by the small intestine is mediated by a trans-
port system and is taken up by cells within liver, heart, and var-
ious other tissues from the blood, with the exception of

neuronal tissue, in which thiamine is transported from blood
into cerebrospinal fluid via the blood-brain barrier. Once
within the cell, further transport occurs through mitochondrial
and nuclear membranes. The lack of a functional transporter
results in thiamine-responsive megaloblastic anemia.®®’
Patients with thiamine-responsive megaloblastic anemia were
found to have mutations in the SLC1942 gene that encodes a
thiamine transporter protein.”® Clinical improvements can be
documented following administration of pharmacologic doses
of thiamine for those patients. Once thiamine has been
imported, it is rapidly converted to its active form (thiamine
pyrophosphate) in the brain and liver by a specific enzyme,
thiamine diphosphokinase.

Thiamine is found in various foods, including enriched
bread and cereals (whole grain and enriched), peas, beans, nuts,
brown rice, and meats (especially pork and beef), and is absent
in polished rice and other highly purified cereal products. Some
thiamine in foods is lost with cooking. Since this is a water-
soluble vitamin, it is not stored in the body and the excess is
excreted in the urine. Body storage of thiamine is minimal, and
a state of severe depletion in patients on a strict thiamine-
deficient diet becomes evident within 18 days.'®

The dietary requirement for thiamine is proportional to the
caloric intake of the diet and ranges from 1.0 to 1.5 mg/d for
normal adults (Table 1).”" An increase in thiamine intake will
be required if the carbohydrate content of the diet is excessive.
A carbohydrate-rich diet coupled with low thiamine intake can
precipitate thiamine deficiency.”
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Table I. Recommended Daily Allowances (RDA) of Thiamine

mg

Infants and children

Birth to 6 months 0.3

6 months-1 year 0.4

1-3 years 0.7

4-6 years 0.9

7-10 years 1.0
Adolescents and adults

Males 1.2-1.5

Females 1.0-1.1

Pregnant females 1.5

Breast-feeding females 1.6

Thiamine is water soluble and heat labile, and most of the
vitamin is lost when rice is washed and when the cooking water
is discarded. Several food products contain anti-thiamine fac-
tors (eg, thiaminases and thiamine antagonists) that inactivate
thiamine. The thiaminase heat-labile enzyme is found in raw
or fermented fish, shellfish, and some bacteria. These foods
have anti-thiamine activity when consumed without heat treat-
ment. Heat-stable thiamine antagonists occur in several plants,
ferns, tea, and betel nut. They include polyphenols that are
found in blueberries, red currants, red beets, brussel sprouts,
red cabbage, betel nuts, coffee, and tea. They react with thia-
mine to yield the nonabsorbable thiamine disulfide. Tannins,
a major component of fermented tea leaves, have anti-
thiamine activity, which can be abolished by ascorbic acid, tar-
taric acid, and citric acid, all present in many vegetables and
fruits.'® To decrease the influence of anti-thiamine factors and
increase thiamine bioavailability, it is recommended to delay the
consumption of tea or other tannin-containing products after a
meal, to consume foods high in ascorbic acid, and to heat products
containing thiaminase before consumption.'®

Thiamine Deficiency States

Primary thiamine deficiency is caused by inadequate intake of
thiamine, most commonly in underdeveloped countries. The
great outbreaks of thiamine deficiency in Southeast Asia at the
beginning of the 20th century followed the large-scale produc-
tion of milled rice and its extensive distribution. The availabil-
ity of milled rice as a cheap and popular food in the urban areas
of those countries was also an important factor in the occur-
rence of thiamine deficiency. Thiamine deficiency was
recorded in refugee populations of Thailand at the beginning
of the 1980s and during the 1990s, in Guinea in 1990, in Dji-
bouti in 1993, and in Nepal between 1993 and 1995.'%73-7

Secondary thiamine deficiency is caused by increased
requirement, as in hyperthyroidism, pregnancy, lactation, and
fever. It is also associated with impaired absorption, as in pro-
longed diarrheas, and impaired utilization, as in severe liver
disease.

The most common cause of thiamine deficiency in affluent
countries is alcoholism: It has been found in up to 80% of alco-
holics because of inadequate nutritional intake, reduced

absorption, and impaired utilization of thiamine.**’%”” In

nonalcoholics, malnutrition states are generally responsible for
thiamine deficiency, such as those seen in end-stage malig-
nancy, intractable vomiting after gastric bypass surgery, pro-
longed intravenous fluids without other sources of nutrition,
hemodialysis, hyperemesis gravidarum, anorexia nervosa, and
magnesium depletion.”®®* Elderly patients also appear to be
vulnerable.®*

Thiamine deficiency is still common in developed countries.
In the United Kingdom, the prevalence of thiamine deficiency
in randomly selected patients on admission to an emergency
department was found to be 21%, whereas their alcohol intake
was similar to controls.* Fourteen percent of 75 elderly (64 years
or older) emergency department admissions from a nursing home
in Manhasset, New York were thiamine deficient.®* Thiamine
deficiencies can also occur in breast-fed infants when the mother
has an inadequate intake of thiamine. As many as 12.5% of a pop-
ulation of critically ill Canadian children were found to have sig-
nificant thiamine deficiency.®

In 1997, thiamine deficiency was reported as a public health
concern in the United States when the Centers for Disease Con-
trol and Prevention published a series of case reports of lactic
acidosis traced to thiamine deficiency resulting from a nation-
wide shortage of multivitamins for total parenteral nutrition.®”-
89 In 2003, an “outbreak™ of infantile thiamine deficiency was
reported in Israel, induced by feeding with a thiamine-deficient
soy-based infant formula.”® Seasonal ataxia was recently
reported in Nigerians as being because of their consumption
of an African silkworm pupae, which possesses high activity
of a heat-resistant thiaminase.”'

Clinical Symptoms of Thiamine Deficiency
Early Symptoms

The earliest symptoms of thiamine deficiency are nonspecific
and include fatigue, irritation, poor memory, sleep distur-
bances, precordial pain, anorexia, abdominal discomfort, and
constipation. Five stages of the development of a vitamin defi-
ciency were described by Brin in 1964.° In the first or prelim-
inary stage, inadequate thiamine availability because of faulty
diet, malabsorption, or abnormal metabolism leads to a greatly
reduced urinary thiamine loss. In the second, or biochemical
stage, the activity of transketolase is significantly reduced. In
the third, or physiologic stage, various general symptoms
develop, such as reduced appetite, insomnia, increased irritabil-
ity, and malaise. In the fourth, or clinical stage, a constellation of
symptoms classically specific to thiamine-deficiency disease
(beriberi) develops, including intermittent claudication, poly-
neuritis, bradycardia, peripheral edema, cardiac enlargement,
and ophthalmoplegia. In the fifth, or anatomical stage,
histopathological changes because of cellular structural damage
are seen, such as cardiac hypertrophy, degeneration of the gran-
ular layer of the cerebellum, and swelling of the brain microglia.
It is noteworthy that the first 3 stages do not involve specific
signs of deficiency.
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Clinical Syndromes

There are 2 major manifestations of thiamine deficiency:
cardiovascular disease (“wet beriberi”’) and nervous system
disease (“dry beriberi” and Wernicke—Korsakoff syndrome).
Symptoms of dry beriberi are bilateral and symmetric, predo-
minantly involving the lower extremities, and beginning with
paresthesias of the toes, burning of the feet (particularly severe
at night), muscle cramps in the calves, and pain in the legs. Calf
muscle tenderness, difficulty in rising from a squatting posi-
tion, a decrease in the vibratory sensation in the toes, and plan-
tar dysesthesia are early signs. A diagnosis of mild peripheral
neuropathy can be made when ankle jerks are absent. Contin-
ued deficiency causes loss of knee jerk, loss of vibratory and
position sensation in the toes, atrophy of the calf and thigh mus-
cles, and finally foot drop and toe drop. That the arms can be
affected after leg signs are well established.

Wet beriberi occurs in thiamine deficiency when myocardial
disease is prominent. This causes a high cardiac output with
peripheral vasodilation and warm extremities. Before heart
failure occurs, tachycardia, a wide pulse pressure, sweating,
warm skin, and lactic acidosis develop, leading to salt and
water retention in the kidneys. The resulting fluid overload
leads to edema of the dependent extremities. A more rapid form
of wet beriberi has been termed acute fulminant cardiovascular
beriberi or Shoshin beriberi, in which vasodilation continues,
resulting in shock in a patient with heart failure.”

Wernicke—Korsakoff syndrome or Wernicke encephalopa-
thy is the thiamine-deficient disease seen most often in the
Western hemisphere. It mainly affects alcoholics because of
a number of reasons: () their diet is usually poor; (b) diets rich
in carbohydrates (eg, alcohol or rice) increase the metabolic
demands of thiamine; (c) alcohol inhibits intestinal ATPase,
which is involved in the uptake of thiamine; and (d) magne-
sium, which is required for the binding of thiamine to the
enzymes prior to their activation, is usually depleted in alco-
holics.** Wernicke’s encephalopathy, which describes the
effects of thiamine deficiency in the acute phase, later pro-
gresses to Wernicke—Korsakoff syndrome in the chronic phase.
Wernicke encephalopathy consists of nystagmus, total
ophthalmoplegia, ptosis, aphonia, loss of vibratory sensation,
decreased reflexes, loss of coordination, and ataxia.’
Hypothermia can also be present due to damage in the thermo-
regulatory centers. In late-stage beriberi, a patient can become
confused and exhibit delusions, psychosis, confabulation, and
impaired retentive memory and cognitive function. In severe
cases, the patient can have seizures and coma, which, if
untreated, can result in death. The unusual eye movements and
ataxia of a patient with Wernicke encephalopathy can subside
if thiamine replacement is provided, but it can be replaced by
Korsakoff syndrome, which includes retrograde amnesia,
impaired ability to learn, and confabulation.”*

Infantile beriberi usually occurs between the second and
fourth month of life in infants who are breastfed by thiamine-
deficient mothers. The onset of symptoms is often very rapid
and the fatality rate is very high. Initially, an infant with

thiamine deficiency has a normal appearance with varying
degrees of constipation, occasional vomiting, crying, and
restlessness. Subsequently, the disease usually presents with
cardiac manifestations or can display meningeal irritation
accompanied by vomiting and convulsions (the pseudo-
meningitic form). Heart failure, aphonia, and absent deep
tendon reflexes are characteristic of progressive disease.'®%

Pathological Findings of Thiamine Deficiency

The most advanced neural changes occur in the peripheral
nerves, particularly of the legs. The distal segments are charac-
teristically affected earliest and most severely. Degeneration of
the medullary sheath can occur in all tracts of the spinal cord,
especially in the posterior columns and in the anterior and pos-
terior nerve roots. Degenerative changes also occur in the ante-
rior horn and posterior ganglion cells. The heart is dilated and
enlarged, and muscle fibers are swollen, fragmented, and
vacuolized, with interstitial spaces dilated by fluid. Vasodila-
tion can result in some edema before high-output heart failure
occurs.

The pathology of the brain in thiamine deficiency consists of
bilaterally symmetrical midline hemorrhagic and/or necrotic
lesions in selective brain regions, mainly the mammillary bod-
ies, thalamus (medial dorsal, anterior medial, and pulvinar),
periaqueductal region, and floor of the fourth ventricle,
hypothalamus, and cerebellar vermis.”®*’

Neuroimaging in Thiamine Deficiency

The appearance of acute Wernicke encephalopathy on mag-
netic resonance imaging (MRI) is that of high signal intensities
in the mammillary bodies, medial thalamus, periaqueductal
gray matter, and cerebellar vermis on T2-weighted images
(Figure 4). Fluid-attenuated inversion recovery-weighted MRI
displays concurrent cytotoxic and vasogenic edema patterns.
Diffusion-weighted MRI shows high signal intensities that cor-
relate with low apparent diffusion coefficient mapping. Cere-
bral cortical involvement can be indicative of irreversible
damage and poor prognosis.”® In chronic Wernicke—Korsakoff
syndrome, MRI can be normal or can show symmetric
low-density abnormalities in periventricular areas, the dience-
phalon and the midbrain, with excessive mammillary body,
cerebellar, and cerebral shrinkage. Although the MRI find-
ings carry high specificity for Wernicke encephalopathy, its
low sensitivity implies that normal MRI results should not
be used to exclude the diagnosis of acute illness.

Diagnosis of Thiamine Deficiency

The diagnosis of thiamine deficiency is mainly clinical since
routine laboratory tests are not available and awaiting the
results of a diagnostic assay can lead to a delay in diagnosis.
Thiamine is not measured in the blood since blood contains
only about 0.8% of the total body thiamine, and the concentra-
tion is too low to allow precise extrapolation of the total
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Figure 4. Magnetic resonance imagining (MRI) scan of a patient with
thiamine deficiency showing a bilateral symmetrical hyperintense signal
in the periaqueductal gray matter

thiamine status. Urinary excretion of thiamine is not a very
reliable method for assessing tissue stores, and similar to the
blood levels, it is a reflection of the immediately preceding
intake. In contrast, transketolase activity, which is measured
by the thiamine pyrophosphate effect assay, is the most reliable
indicator of thiamine functional status. Erythrocyte transketo-
lase activity is a sensitive indicator of tissue stores. Red blood
cells, which lack mitochondria, have no alternative means of
generating NADPH save the pentose phosphate pathway. Also,
NADPH is required to reduce glutathione in order to maintain
the normal structure of red blood cells and to maintain hemo-
globin in the ferrous state. Transketolase is a thiamine
pyrophosphate-requiring enzyme, which catalyzes reactions
in the pentose phosphate pathway. As such, the level of trans-
ketolase activity in red blood cells is a reliable diagnostic indi-
cator of thiamine status. The erythrocyte transketolase test
requires a sample of hemolyzed blood to be incubated with
excess ribose S-phosphate in the presence of excess added thia-
mine pyrophosphate (matched with a control that has no added
thiamine pyrophosphate). After the incubation period, the
amounts of remaining substrate and the product formed are
measured. Any enhancement in enzyme activity resulting from
the added thiamine pyrophosphate indicates that the sample
was originally deficient in thiamine to some extent. The extent
of deficiency in thiamine is expressed in percentage stimula-
tion over the control value (Table 2). An increase of more than
15% in enzyme activity is a definitive marker of deficiency.
Elevated blood pyruvate and lactate measurements are use-
ful, but the many false positive test results make it difficult to
establish a diagnosis. For example, sepsis, cardiogenic shock,
and meningitis can imitate thiamine deficiency disease and are

Table 2. Classification of Thiamine Pyrophosphate Effect (TPPE)

TPPE (%)
Normal 0-14
Marginally deficient 15-24
Severely deficient 25+

associated with lactic acidosis. However, the persistence of
lactic acidosis and a rise following a glucose load strongly sup-
port the diagnosis and should alert the physician to the possibil-
ity of thiamine deficiency. Clinical response to thiamine
administration is the most practical indication for diagnosis.
If the patient responds to treatment, it is safe to assume that a
measure of thiamine deficiency had been responsible for the
condition. Thiamine is not toxic in high levels, which means
that this approach carries little risk.

Treatment of Thiamine Deficiency

For mild polyneuropathy, 10 to 20 mg/d of thiamine is given in
divided doses for 2 weeks followed by a nutritious diet. The
dosage is 20 to 30 mg/d for moderate or advanced neuropathy
and should be continued for several weeks after the symptoms
disappear. The edema and congestion of Shoshin beriberi
respond to 100 mg/d of thiamine intravenously, which should
be continued for several days. Heart failure due to beriberi
responds poorly to digitalis or diuretics. For Wernicke—Korsakoff
syndrome, thiamine 50 to 100 mg intramuscularly or intrave-
nously twice a day must usually be given for several days,
followed by 10 to 20 mg daily until a therapeutic response is
obtained. Anaphylactic reactions to intravenous thiamine
unrelated to the dose are rare. Thiamine deficiency is often
associated with other vitamin B-complex deficiencies, and
multiple water-soluble vitamin therapy at 5 to 10 times the rec-
ommended daily allowances is usually advisable for several
weeks. This regimen should be followed indefinitely by a
nutritious diet supplying 1 to 2 times the recommended daily
allowances. Magnesium, a cofactor for transketolase, should
be given as magnesium sulfate (1 to 2 mL intramuscularly of
a 50% solution) with thiamine to correct thiamine resistance
and the frequently accompanying hypomagnesemia. Recovery
from neurologic deficits is often incomplete in beriberi.
Several inborn errors of metabolism respond to pharmacologic
doses of thiamine (5 to 20 mg/d). These include thiamine-
responsive megaloblastic anemia, lactic acidosis due to low
activity of liver pyruvate dehydrogenase, and thiamine-
responsive maple syrup urine disease due to low activity of
branched-chain keto acid dehydrogenases.

In conclusion, clinicians should be vigilant and consider the
possibility of thiamine deficiency in high-risk patients. If the
diagnosis is questionable, it is recommended to treat the patient
with thiamine anyhow, given that it is a safe and inexpensive
therapeutic agent, which can prevent irreversible damage.
Preventive strategies might be effective on the national level,
and countries should consider this by supplementing staple
foods with thiamine.



Journal of Evidence-Based Complementary & Alternative Medicine 16(1)

Declaration of Conflicting Interests

The author declared no conflicts of interest with respect to the author-
ship and/or publication of this article.

Funding

The author received no financial support for the research and/or
authorship of this article.

References

1.

Bontius J. De paralyseos quadam specie quam indigenae beriberi
vocant. In: De Medicina Indorum 1645 1ib. 3, cap 1. Lugdum,
Batavia.

2. The bacillus of beriberi. Science. 1884;3:331-332.

FNS)

10.

11.

12.

14.

15.

16.

. Beri-beri and anchylostomiasis. BMJ. 1892;2:28-29.
. Ashmead AS. Three ships with beriberi outbreaks shown to have

had extensive formation of carbonic oxides during the voyage—
analysis of beriberi blood. Conclusion that beriberi is nothing but
carbonic poisoning of the blood. Science. 1893;22:48-49.

. Macleod N. Can beri-beri be caused by food supplies from coun-

tries where beri-beri is endemic? BMJ. 1897;2:390-392.

. Ross R, Reynolds ES. A case of beri-beri (?) possibly due to

arsenic poisoning. Br Med J. 1901;2:979-980.

. Rosenfeld L. Vitamine-vitamin. The early years of discovery.

Clin Chem. 1997;43:4:680-685.

. Funk C. On the chemical nature of the substance which cures

polyneuritis in birds induced by a diet of polished rice. J Physiol.
1911;43:395-400.

. Funk C. The etiology of the deficiency diseases. Beri-beri, poly-

neuritis in birds, epidemic dropsy, scurvy, experimental scurvy in
animals, infantile scurvy, ship beri-beri, pellagra. J State Med
(London). 1912;20:341-368.

Jansen BCP, Donath WEF. On the isolation of antiberiberi vitamin.
Proc Kon Ned Akad Wet. 1926;29:1390.

Williams RR, Cline JK. Synthesis of vitamin B1. J Am Chem Soc.
1936;58:1504-1505.

Williams RR. The chemistry and biological significance of thia-
min. Science. 1938;87:559-563.

. Cline JK, Williams RR, Finkelstein J. Nutrition classics. Journal

of the American Chemical Society 59:1052-4, 1937. Synthesis
of vitamin B1. By Joseph K. Cline, Robert R. Williams, and Jacob
Finkeltstein. Nutr Rev. 1977;35:238-240.

Dewardener HE, Lennox B. Cerebral beriberi (Wernicke’s ence-
phalopathy): review of 52 cases in a Singapore prisoner-of-war
hospital. Lancet. 1947;4:11-17.

Thomson AD, Cook CC, Guerrini I, Sheedy D, Harper C,
Marshall EJ. Wernicke’s encephalopathy revisited. Translation of
the case history section of the original manuscript by Carl Wernicke
“Lehrbuch der Gehirnkrankheiten fur Aerzte and Studirende”
(1881) with a commentary. Alcohol Alcohol. 2008;43:174-179.
World Health Organization. Thiamine Deficiency and Its Preven-
tion and Control in Major Emergencies. Geneva, Switzerland:
Department of Nutrition for Health and Development, World
Health Organization; 1999.

. Butterworth RF, Kril JJ, Harper CG. Thiamine-dependent

enzyme changes in the brains of alcoholics: relationship to the

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Wernicke-Korsakoff syndrome. Alcohol Clin Exp Res. 1993;
17:1084-1088.

Bubber P, Ke ZJ, Gibson GE. Tricarboxylic acid cycle enzymes
following 2004;45:
1021-1028.

Blass JP, Gibson GE. Abnormality of a thiamine-requiring
enzyme in patients with Wernicke-Korsakoff syndrome. New
Engl J Med. 1977;297:1367-1370.

Pekovich SR, Martin PR, Singleton CK. Thiamine deficiency
decreases steady-state transketolase and pyruvate dehydrogenase
but not alpha-ketoglutarate dehydrogenase mRNA levels in three
human cell types. J Nutr. 1998;128:683-687.

Gibson GE, Ksiezak-Reding H, Sheu KF, Mykytyn V, Blass JP.
Correlation of enzymatic, metabolic, and behavioral deficits in

thiamine deficiency. Neurochem Int.

thiamin deficiency and its reversal. Neurochem Res. 1984;9:
803-814.

Aikawa H, Watanabe IS, Furuse T, et al. Low energy levels in
thiamine-deficient encephalopathy. J Neuropathol Exp Neurol.
1984;43:276-287.

Holowach J, Kauffman F, Ikossi MG, Thomas C, McDougal DB
Jr. The effects of a thiamine antagonist, pyrithiamine, on levels of
selected metabolic intermediates and on activities of thiamine-
dependent enzymes in brain and liver. J Neurochem. 1968;15:
621-631.

McCandless DW, Schenker S, Cook M. Encephalopathy of thia-
mine deficiency: studies of intracerebral mechanisms. J Clin
Invest. 1968;47:2268-2280.

Hakim AM. The induction and reversibility of cerebral acidosis in
thiamine deficiency. Ann Neurol. 1984;16:673-679.

Bettendorff L. Thiamine homeostasis in neuroblastoma cells.
Neurochem Int. 1995;26:295-302.

Pannunzio P, Hazell AS, Pannunzio M, Rao KV, Butterworth RF.
Thiamine deficiency results in metabolic acidosis and energy fail-
ure in cerebellar granule cells: an in vitro model for the study of
cell death mechanisms in Wernicke’s encephalopathy. J Neurosci
Res. 2000;62:286-292.

Zhang SX, Weilersbacher GS, Henderson SW, Corso T,
Olney JW, Langlais PJ. Excitotoxic cytopathology, progression,
and reversibility of thiamine deficiency-induced diencephalic
lesions. J Neuropathol Exp Neurol. 1995;54:255-267.

Wang JJ, Hua Z, Fentress HM, Singleton CK. JNK1 is inactivated
during thiamine deficiency-induced apoptosis in human neuro-
blastoma cells. J Nutr Biochem. 2000;11:208-215.

Heinrich CP, Stadler H, Weiser H. The effect of thiamine defi-
ciency on the acetylcoenzyme A and acetylcholine levels in the
rat brain. J Neurochem. 1973;21:1273-1281.

Jankowska-Kulawy A, Bielarczyk H, Paweiczyk T, Wroblewska M,
Szutowicz A. Acetyl-CoA and acetylcholine metabolism in nerve
terminal compartment of thiamine deficient rat brain. J Neurochem.
2010;115:333-342.

Gaitonde MK, Fayein NA, Johnson AL. Decreased metabolism in
vivo of glucose into amino acids of the brain of thiamine-deficient
rats after treatment with pyrithiamine. J Neurochem. 1975;24:
1215-1223.

Hazell AS, Butterworth RF, Hakim AM. Cerebral vulnerability is
associated with selective increase in extracellular glutamate



Fattal-Valevski

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.
50.

51.

concentration in experimental thiamine deficiency. J Neurochem.
1993;61:1155-1158.

Héroux M, Butterworth RF. Reversible alterations of cerebral
gamma-aminobutyric acid in pyrithiamine-treated rats: implica-
tions for the pathogenesis of Wernicke’s encephalopathy. J Neu-
rochem. 1988;51:1221-1226.

Langlais PJ, Zhang SX. Extracellular glutamate is increased in
thalamus during thiamine deficiency-induced lesions and is
blocked by MK-801. J Neurochem. 1993;61:2175-2182.

Todd KG, Butterworth RF. Evaluation of the role of NMDA-
mediated excitotoxicity in the selective neuronal loss in
experimental Wernicke encephalopathy. Exp Neurol. 1998;
149:130-138.

Slekar KH, Kosman DJ, Culotta VC. The yeast copper/zinc super-
oxide dismutase and the pentose phosphate pathway play overlap-
ping roles in oxidative stress protection. J Biol Chem. 1996;271:
28831-28836.

Calingasan NY, Chun WJ, Park LC, Uchida K, Gibson GE. Oxi-
dative stress is associated with region- specific neuronal death
during thiamine deficiency. J Neuropathol Exp Neurol. 1999;
58:946-958.

Boros LG, Steinkamp MP, Fleming JC, Lee WN, Cascante M,
Neufeld EJ. Defective RNA ribose synthesis in fibroblasts from
patients with thiamine-responsive megaloblastic anemia
(TRMA). Blood. 2003;102:3556-3561.

Blair PV, Kobayashi R, Edwards HM 3rd, Shay NF, Baker DH,
Harris RA. Dietary thiamin level influences levels of its dipho-
sphate form and thiamin-dependent enzymic activities of rat liver.
J Nutr. 1999;129:641-648.

Zieve L, Doizaki WM, Stenroos LE. Effect of magnesium defi-
ciency on blood and liver transketolase activity and on the recov-
ery of enzyme activity in thiamine-deficient rats receiving
thiamine. J Lab Clin Med. 1968;72:268-277.

Morgan MY. Alcohol and nutrition. Br Med Bull. 1982;38:21-29.
Traviesa DC. Magnesium deficiency: a possible cause of thiamine
refractoriness in Wernicke-Korsakoff encephalopathy. J Neurol
Neurosurg Psychiatry. 1974;37:959-962.

Mclean J, Manchip S. Wernicke’s encephalopathy induced by
magnesium depletion. Lancet. 1999;353:1768.

Rao J, Oz G, Seaquist ER. Regulation of cerebral glucose metabo-
lism. Minerva Endocrinol. 2006;31:149-158.

Siebert G, Gessner B, Klasser M. Energy supply of the central
nervous system. In: Somogyi JC, Hotzel D, eds. Nutrition and
Neurobiology. Basel, Switzerland: Karger; 1986:1-26.

Ishii K, Sarai K, Sanemori H, Kawasaki T. Concentration of
thiamine and its phosphate esters in rat tissues determined by
high pressure liquid chromatography. J Nutr Sci Vitaminol
(Tokyo). 1979;25:517-523.

Ba A. Metabolic and structural role of thiamine in nervous tissues.
Cell Mol Neurobiol. 2008;28:923-931.

Haas RH. Thiamin and the brain. Annu Rev Nutr. 1988;8:483-515.
Itokawa Y, Schultz RA, Cooper JA. Thiamine in nerve mem-
branes. Biochim Biophys Acta. 1972;266:293-299.

Matsuda T, Cooper JR. Thiamine as an integral component of
brain synaptosomal membranes. Proc Natl Acad Sci U S A.
1981;78:5886-5889.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Goldberg DJ, Cooper JR. Effects of thiamine antagonists on nerve
conduction. I. Actions of antimetabolites and fern extract on pro-
pagated action potentials. J Neurobiol. 1975,6:435-452.
Goldberg DJ, Begenisich TB, Cooper JR. Effects of thiamine
antagonists on nerve conduction. II. Voltage clamp experiments
with antimetabolites. J Neurobiol. 2004;6:453-462.

Tanaka C, Itokawa Y, Tanaka S. The axoplasmic transport of thia-
mine in rat sciatic nerve. J Histochem Cytochem. 1973;21:81-86.
Bergquist JE, Hanson M. Axonal transport of thiamine in frog
sciatic nerves. Exp Neurol. 1983;79:622-629.

Sanjeeva TR, Ramakrishnan CV. Effects of thiamine deficiency
and undernutrition on the lipid composition of rat spinal cord at
21 days of age. J Neurosci Res. 1983;9:111-114.

Terasawa M, Nakahara T, Tsukada N, Sugawara A, Itokawa Y.
The relationship between thiamine deficiency and performance
of a learning task in rats. Metab Brain Dis. 1999;14:137-148.
Claus D, Eggers R, Warecka K, Neundorfer B. Thiamine defi-
ciency and nervous system function disturbances. Eur Arch Psy-
chiatry Neurol Sci. 1985;234:390-394.

Ramakrishna T. Vitamins and brain development. Physiol Res.
1999;48:175-187.

Georgieff MK. Nutrition and the developing brain: nutrient prio-
rities and measurement. Am J Clin Nutr. 2007;85:614S-6208S.
Fournier H, Butterworth RF. Effects of thiamine deficiency on
thiamine-dependent enzymes in regions of the brain of pregnant
rats and their offspring. Metab Brain Dis. 1990;5:77-84.
Trostler N, Guggenheim K, Havivi E, Sklan D. Effect of thiamine
deficiency in pregnant and lactating rats on the brain of their off-
spring. Ann Nutr Metab. 1977;21:294-304.

Trostler N, Sklan D. Lipogenesis in the brain of thiamine-
deficient rat pups. J Nutr Sci Vitaminol (Tokyo). 1978;24:
105-111.

Matsuda T, Doi T, Tonomura H, Baba A, Iwata H. Postnatal
development of thiamine metabolism in rat brain. J Neurochem.
1989;52:842-846.

Ba A, N’Douba V, D’Almeida AM, Seri V. Effect of maternal
thiamine deficiency on the pyramidal and granule cells of the hip-
pocampus of rat pups. Acta Neurobiol Exp. 2005;65:387-398.
Ba A, Seri BV. Psychomotor functions in developing rats: ontoge-
netic approach to structure-function relationships. Neurosci
Biobehav Rev. 1995;19:413-425.

Ba A. Functional vulnerability of developing central nervous sys-
tem to maternal thiamine deficiencies in the rat. Dev Psychobiol.
2005;47:408-414.

Rindi G, Casirola D, Poggi V, De Vizia B, Patrini C, Laforenza U.
Thiamine transport by erythrocytes and ghosts in thiamine-
responsive megaloblastic anaemia. Inherit Metab Dis. 1992;15:
231-242.

Singleton CK, Martin PR. Molecular mechanisms of thiamine
utilization. Curr Mol Med. 2001;1:197-207.

Labay V, Raz T, Baron D, et al. Mutations in SLC19A42 cause thia-
mine responsive megaloblastic anaemia associated with diabetes
mellitus and deafness. Nat Genet. 1999;22:300-304.

Food and Nutrition Board, Institute of Medicine. Dietary Reference
Intakes for Vitamins. Washington, DC: National Academies Press;
2004.



20

Journal of Evidence-Based Complementary & Alternative Medicine 16(1)

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Watson AJ, Walker JF, Tomkin GH, Finn MM, Keogh JA. Acute
Wernicke’s encephalopathy precipitated by glucose loading.
Ir J Med Sci. 1981;150:301.

Thanangkul O, Whitaker JA, Fort EG. Malnutrition in northern
Thailand. Am J Clin Nutr. 1966;18:379-389.

Tang CM, Rolfe M, Wells JC, Cham K. Outbreak of beri-beri in The
Gambia. Lancet. 1989;2:206-207.

McGready R, Simpson JA, Cho T, et al. Postpartum thiamine
deficiency in a Karen displaced population. Am J Clin Nutr.
2001;74:808-813.

Tallaksen CM, Bghmer T, Bell H. Blood and serum thiamin and
thiamin phosphate esters concentrations in patients with alcohol
dependence syndrome before and after thiamin treatment. Alcohol
Clin Exp Res. 1992;16:320-325.

Hoyumpa AM Jr. Mechanisms of thiamin deficiency in chronic
alcoholism. Am J Clin Nutr. 1980;33:2750-2761.

Ogershok PR, Rahman A, Nestor S, Brick J. Wernicke encephalo-
pathy in nonalcoholic patients. Am J Med Sci. 2002;323:107-111.
Nadel M, Burger PC. Wernicke’s encephalopathy following
prolonged intravenous therapy. JAMA. 1976;235:2403-2405.
MacLean LD, Rhode BM, Shizgal HM. Nutrition following gas-
tric operations for morbid obesity. Ann Surg. 1983;198:347-355.
Drenick EJ, Joven CB, Swendseid ME. Occurrence of acute
Wernicke’s encephalopathy during prolonged starvation for treat-
ment of obesity. New Engl J Med. 1966;274:937-939.

Chiossi G, Neri [, Cavazzuti M, Basso G, Facchinetti F. Hyperemesis
gravidarum complicated by Wermicke encephalopathy: background,
case report, and review of the literature. Obstet Gynecol Surv. 2006;
61:255-268.

Handler CE, Perkin GD. Anorexia nervosa and Wericke’s encepha-
lopathy: an underdiagnosed association. Lancet. 1982;2:771-772.
Lee DC, Chu J, Satz W, Silbergleit R. Low plasma thiamine levels
in elder patients admitted through the emergency department.
Acad Emerg Med. 2000;7:1156-1159.

Jamieson CP, Obeid OA, Powell-Tuck J. The thiamin, riboflavin
and pyridoxine status of patients on emergency admission to hos-
pital. Clin Nutr. 1999;18:87-91.

Seear M, Lockitch G, Jacobson B, Quigley G, MacNab A. Thia-
mine, riboflavin, and pyridoxine deficiencies in a population of
critically ill children. J Pediatr. 1992;121:533-538.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Centers for Disease Control and Prevention. Lactic acidosis
traced to thiamine deficiency related to nationwide shortage of
multivitamins for total parenteral nutrition. MMWR Morb Mortal
Wkly Rep. 1997;46:523.

Alloju M, Ehrinpreis MN. Shortage of intravenous multivitamin
solution in the United States. New Engl J Med. 1997;337:54.
Hahn JS, Berquist W, Alcorn DM, Chamberlain L, Bass D.
Wernicke encephalopathy and beriberi during total parenteral nutri-
tion attributable to multivitamin infusion shortage. Pediatrics. 1998;
101:E10.

Fattal-Valevski A, Kesler A, Sela B, et al. Outbreak of life-threa-
tening thiamine deficiency in infants in Israel caused by a defec-
tive soy—based formula. Pediatrics. 2005;115:€233-¢238.
Nishimune T, Watanabe Y, Okazaki H, Akai H. Thiamin is
decomposed due to Anaphe spp. entomophagy in seasonal ataxia
patients in Nigeria. J Nutr. 2000;130:1625-1628.

Brin M. Erythrocyte as a biopsy tissue for functional evaluation of
thiamine adequacy. JAMA. 1964;187:762-766.

Yamasaki H, Tada H, Kawano S, Aonuma K. Reversible pulmon-
ary hypertension, lactic acidosis, and rapidly evolving multiple
organ failure as manifestations of shoshin beriberi. Circ J.
2010;74:1983-1985.

Korsakoff SS. Disturbance of psychic function in alcoholic
paralysis and its relationship to disturbance in the psychic sphere
in multiple neuritis of non alcoholic origin. Vestnik Psichiatrii.
1887;1V:fasc 2.

Vasconcelos MM, Silva KP, Vidal G, Silva AF, Domingues RC,
Berditchevsky CR. Early diagnosis of pediatric Wernicke’s ence-
phalopathy. Pediatr Neurol. 1999;20:289-294.

Victor M, Adams RD, Collins GH. The Wernicke-Korsakoff
syndrome. A clinical and pathological study of 245 patients,
82 with post-mortem examinations. Contemp Neurol Ser.
1971;7:1-206.

Langlais PJ, Zhang SX. Cortical and subcortical white matter
damage without Wernicke’s encephalopathy after recovery from
thiamine deficiency in the rat. Alcohol Clin Exp Res. 1997;21:
434-443.

Zhong C, Jin L, Fei G. MR imaging of nonalcoholic Wernicke
encephalopathy: a follow-up study. A/JNR Am J Neuroradiol.
2005;26:2301-2305.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


